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GENERAL INTRODUCTION 
Poultry farming is a very versatile agro –business, because of its 
high production and due to its advantage of high feed efficiency. It can 
be adapted to widely varying conditions to provide many employment 
opportunities with fast return on investment. Beside the economic 
returns, poultry farming serves food satisfaction for protein in human 
diet. 
In developing countries, poultry production in rural areas is of 
great importance as a primary supplier of egg and meat and as a source 
of income.  Village chickens have cultural, social, economic and sanitary 
functions in human life. One egg weighing 55g/day meets the 50% of 
protein requirements of a child up to 5 years of age (Ponapa, 1982).  
Poultry production in Sudan has started from the primitive system 
of back yard rearing in 1956 when specialized exotic breeds were 
introduced to establish small size farms with an improved traditional 
method and techniques .The exposure of exotic breeds to hot 
environment affects their production. The adverse environmental 
conditions to which the birds are exposed could be improved through 
selection of breeds well adapted to harsh conditions such as hot or cold 
weather, rain and periodic feed shortages (Ali, 2000). 
  The production could be improved by additives to diets or 
drinking water such as vitamin E alpha- tocopherol acetate (Bollengier 
and Williams, 1999) and antibiotics (Edens and Campbell, 1985), feed 
 
additives have been tested to improving animal performance such as 
milk, meat and eggs (Martiz, 2000).Cool water and high density feed 
improved feed intake, egg weight, feed efficiency and final body weight 
at high ambient temperature ( Musharaf and Janssen,1990). 
           Controlling the environmental conditions in poultry houses will 
help in improving production of exotic breeds in the Sudan. Precise data 
on the general performance of exotic breeds and commercial strains 
under Sudan conditions is lacking. However, elementary investigations, 
which showed that Hisex White and White Leghorn breeds could be 
adapted to Sudan conditions, were made.  
Identification and selection of breeds which can tolerate the adverse 
conditions could be a means of maximization of production and 
minimization of losses in hot season.                                                                
            This project was designed to compare the performance and the 
physiological responses of Hisex White and Bovan layers during rearing 
and production periods under Sudan summer conditions. 
    The studies were designed to fulfil the following objectives  
• To investigate the performance of two breeds Bovan and 
Hisex White during the rearing period. 
• To study the productivity and performance of these breeds 
during dry and wet summer conditions. 
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ABSTRACT 
Three experiments were carried out on two exotic breeds of laying 
hens (Bovan and Hisex White) to evaluate their performance during the 
rearing and production periods under tropical conditions. Birds were 
caged randomly, in open-sided poultry house in Shambat (Department of 
Physiology, experimental Farm). The chicks were fed on isocaloric 
isonitrogenous (chick and grower) feed during the rearing period and 
commercial layer feed during production period. The body weight (BW), 
feed intake, rectal temperature (Tr), respiration rate (RR), egg 
production, egg weight, egg shell thickness, yolk colour and blood 
analysis were reported. 
The feed intake of the Bovan was significantly higher in weeks 2, 
3, 4, 5 and 12 (P<0.05) compare to Hisex White during the rearing 
period. 
  The rectal temperature (Tr) was significantly higher (P<0.05) in 
Hisex in week 2 and the respiratory rate (RR) was significantly higher 
(P<0.01) in Bovan in the first week. The (RR)  was significantly higher 
(P<0.05) in Hisex White during weeks 10, 14, 17 and 19. However, the 
RR was significantly (P<0.01) higher in week 18 in Hisex White . 
  The blood parameters packed cell volume (PCV) and 
haemoglobin concentration (Hb) were not significantly affected by 
breed, except that in the second week the PCV was significantly higher 
(P<0.01) for the Hisex White than the Bovan. In week 16 the Hb 
concentration significantly was higher (P<0.05) in Bovan. 
The study revealed insignificant difference between the two 
breeds regarding blood biochemistry, except that the albumin level was 
significantly (P < 0.05) higher in Hisex White in week 6.In week 8 week 
14 the plasma glucose concentration was significantly higher in Hisex 
White  (P < 0.05) (P< 0.01) respectively.  The plasma cholesterol 
concentration was significantly higher (P< 0.01 in Bovan in week 14. 
The plasma minerals, sodium (Na), potassium (K), phosphorus (P) and 
calcium (Ca) showed insignificant different between the two breeds, Na 
level was significantly (P<0.05) higher in Hisex in week 16. However, 
Ca level was significantly (P<0.05) higher in Bovan in week 4.  
During the production period(dry summer) the feed intake and BW of 
laying hens (Bovan and Hisex White) under dry summer condition 
were not significantly different  and both parameters decreased in 
weeks 6 and 7.  
The total egg production  was significantly (P<0.05) higher for the 
Bovan in weeks 1, 2, 3 and 7. The egg weight showed insignificant 
difference, except in weeks 1, 5 and 8, in which the Bovan egg weight 
was significantly (P<0.05) higher than the Hisex White. The egg shell 
thickness was significantly (P<0.05) different in week 5 in Bovan. The 
yolk colour showed insignificant difference between the two breeds 
during dry summer period.  
The rectal temperature (Tr) and the respiratory rate (RR)   were 
not significantly different. However, in weeks 9 and 10, it was 
significantly higher for the Bovan.  
The PCV and Hb concentration during dry summer period were 
not significantly different between the two breeds .The Hb concentration 
decreased in the two last weeks for both breeds. 
The total leukocytes count and the heterophils: lymphocytes ratio 
were not significant affected by breeds. However, the heterophil: 
lymphocyte ratio decreased in the last two weeks (8 and 10). 
The plasma total protein, albumin, glucose and cholesterol 
concentrations were not influenced by breeds. The plasma Na, K, P and 
Ca levels also showed insignificant difference between breeds. The Ca 
level was significantly affected in week 6 in which it was higher 
(P<0.05) in the Bovan compared to Hisex White.  
During the production period (wet summer) the feed intake and BW 
of laying hens (Bovan and Hisex White) were not significantly 
different. The egg production, egg shell thickness and egg weight 
showed in significant difference, except in weeks 1 and 3, in which 
the egg weight  was significantly higher (P<0.05) for the  Bovan.  
The rectal temperature (Tr) and the respiratory rate (RR) showed 
insignificant differences. In week four and five the (RR) was 
significantly higher (P<0.01) for the Hisex White and Bovan 
respectively.  
The PCV and Hb concentration were not significantly different. 
The differential leukocytes count and the heterophil: lymphocyte ratios 
were not significantly affected by breeds.   
The plasma glucose concentration, cholesterol, total protein and 
albumin measured during wet summer period showed insignificant 
different between the breeds, except that the plasma cholesterol 
concentration was significantly (P<0.01) high in Hisex White than 
Bovan in week 12. Plasma minerals: Na, K, P and Ca also showed no 
significant difference between breeds, except that the P level was 
significantly (P< 0.05) higher for Hisex White in week 4. 
The results obtained were discussed and compared with previous 
findings reported in the literature for exotic breeds of layers. 
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CHAPTER ONE 
LITERATURE REVIEW 
1.1 Chicken breeds in Sudan 
Village chickens are generally birds of indigenous breeds living in 
almost symbiotic relationship with human communities. Out of a total 
population of 45.3 million chickens in Sudan, the conventional sector 
comprises around 30 million from which the annual meat and egg 
production is 20.1 million birds and 900 million eggs, respectively. The 
major constraints encountered during the surveys of village poultry 
production in Sudan were inadequate health care, poor productivity and 
inappropriate housing (Khalafalla et al., 2002 ) .  
Sudanese indigenous fowls with their various types are 
collectively called Baladi; these birds are commonly known as large 
Baladi (LB), Bare – neck (BN) and Betwil (BT). The traditional system 
of small home flock and backyard scavengers are based on these native 
types with their low unit cost that confers considerable advantage on 
their equitable distribution across wide range of socio-economic 
activities. The indigenous fowl is less prolific compared with exotic 
breeds (Mohammed et al., 200 5a). 
 The large Baladi is the most common type available in the 
country. The birds are of good size (adult bird weighing 2.5- 3.1 lbs) 
with small crushed comb and plenty of many colour variations. The 
Betwil type is described as small bird found in the Nuba mountains 
region of Kordofan. It has a small compact body (adult bird weighing 1.5 
- 2 lbs) with tiny black legs (El Zubeir, 1997). 
The Bare – Neck has an average live weight heavier than either 
large Baladi or Betwil. The mean egg – shell thickness for Betwil and 
Bare – Neck, respectively are similar and thicker compare to that of large 
Baladi (Mohammed et al., 2005b).  
1.2 Exotic breeds of layers in Sudan 
Exotic breeds of poultry were introduced in the Sudan in 1951 
(Desia, 1962). The first model of modern poultry farm was established in 
Khartoum North to serve as research centre for development of local 
breeds. Following the modern unit, a proper Central Research Unit 
(CRU) was established in Kuku village in 1962. 
The economic success of a laying flock solely depends on the total 
number of quality eggs produced. Weight and proportion of egg 
represented by albumen, yolk and shell varied significantly between 
strains of hens (Monira et al., 2003). 
There are many breeds of poultry and each has advantages and 
disadvantages for egg production such as Bovan White, Bovan Neara, 
Hisex and Rhode Island Red. (Henry, 2002). 
The influence of high and low temperature on laying performance 
is of particular importance in the tropic and sub-tropics. Cowman and 
Michie (1980) reported that temperate breeds of poultry showed poorer 
performance under tropical conditions, and concluded that this might be 
due to stress associated with exposure to high environmental 
temperature. 
Many years of genetic research have produced the Bovans White, 
Hisex White and White Leghorn that delivers large numbers of good 
quality eggs. Bovans White and Hisex White highly favorable genetic 
characteristics can only be fully realised 
 The bird should be provided with good management, good quality 
feed, good housing and proper management practice in order to 
maximize productivity. Hendrix Poultry Breeders BV (manual, 2004). 
 
 
1.3 Heat stress and thermoregulation 
Heat stress is often used to define the response of the bird to 
warmer environments where an abnormal physiological response is 
observed. There are likely to be two or there degree of heat stresses 
where the bird's response is different and where goals may change from 
production to survival (Lesson, 1986). 
Birds are ‘heat stressed’ if they have difficulty in achieving a 
balance between body heat production and body heat loss. This can 
occur at all ages and in all types of poultry. Heat is produced by 
metabolism within the body for growth and egg production. Heat 
production is affected by body weight, breed, level of production, level 
of feed intake, feed quality and, to a lesser extent, by the activity and 
exercise (Defra Publications, 2005). 
Birds, like other homotherms, maintain their deep body 
temperature at a relatively constant level which is conductive to optimal 
biological activity; this homeothermy is maintained under different sets 
of environmental conditions by various physical and physiological 
mechanisms which equate heat production and heat loss. A thermal 
balance between thermogenesis (basal metabolism and muscular 
activity) and thermolysis (heat dissipation) is always attained (Musharaf, 
1973). 
Birds have no possibility to loose the heat by sweating, thus losses 
by radiation, convection and respiration remain the only mechanisms for 
taking the heat out of them (Kuczynski, 2002). 
The external conditions which influence thermoregulation include 
ambient temperature temperature, vapour pressure, air velocity, and 
insulation and other factors that affect the temperature of the skin. Cold-
blooded animals regulate their body temperature by selecting an 
appropriate external environment. Warm-blooded animals rely on 
physiological mechanisms, which can produce or dissipate heat (Polk et 
al., 1995). 
Heat stress is a worldwide problem in poultry production and 
causes big economic losses every year. The progresses in breeding and 
nutrition resulted in broiler chickens and laying hens having higher 
performances today than ever before. However, the high performance 
together with the feathering and lack of sweat glands make the birds 
more susceptible to environmental heat load, the increasing proportion of 
poultry production in tropical and subtropical regions make it necessary 
to reconsider nutritional strategies to alleviate the dis advantageous 
effect of heat stress on nutritional, physiology and performance. 
Alternative or more "biological" production systems in Europe or 
elsewhere in colder regions of the world may on the other hand require 
nutritional strategies to cope with a higher energy standard (Simons, 
2003). 
Heat is produced in the body as a result of the metabolic 
processes, ingestion and digestion of food and the utilization of nutrients 
for growth and reproduction; it is also produced as a result of muscular 
activity, respiration and circulation (Yousef,1985). The rate of heat 
production in birds is affected by environmental temperature, the rate of 
metabolic heat production decreases with rise in ambient temperature up 
to 35OC (Van Kampen, 1984). 
1.3.1. Heat loss 
1.3.1.1. Sensible heat loss 
Heat stress is the result of exposure in laying hens due to high 
environmental temperatures. It causes changes in layer behaviour and 
production performance. Under high temperature the rate of sensible 
heat loss as part of total heat loss is reduced. In this condition, heat 
balance in body is achieved by increasing the latent heat loss. Birds are 
non-sweating animals and latent heat loss is increased by rising the 
breathing. Therefore, rises of breathing in birds are indicators of heat 
stress (Ug˘urlu et al ., 2001) 
Heat is produced centrally in the deep body. The surplus is 
conducted to the skin surface where it is given off to the atmosphere as 
sensible heat by means of convection, conduction and radiation and as 
latent heat by means of evaporation of moisture from the lungs and skin. 
Increasing ambient temperature, resulting in less temperature difference 
between the body surface and the air, will decrease the amount of heat 
that can be emitted as sensible heat (FAO, 1987). 
Sensible heat loss decreased approximately linearly with 
increasing ambient temperature and is lower during the day than at night. 
One explanation may be that some sensible heat produced by the hens is 
converted to latent heat by evaporation of moisture due to increased 
activity of the hens during the day (Von Wachenfelt et al., 2001). 
The need for heat dissipation arises during acute physical exercise 
in humans (Senay et al., 1976; Gillen et al., 1991) and heat exposure of 
chickens (Whittow et al., 1964). 
Broilers subjected to elevated environmental temperatures reduce 
their activity during heat stress. Some birds will stand quietly while 
others will sit. In most cases, they will have their wings spread away 
from their body to promote cooling by reducing body insulation (Tom 
Tabler, 2001). 
Sensible heat loss is the primary means of heat loss at ambient 
temperature within and below the zone of least thermoregulatory effort 
(ZLTE) as shown in Figure 2.1. 
1.3.1.2. Insensible heat loss 
      Insensible heat loss occurs by evaporation from the respiratory 
system and body surface. Total insensible heat loss is the sum of 
respiratory and cutaneous evaporative heat loss. Evaporation is very 
important at high temperatures as poultry do not sweat but depend on 
panting. This is only effective if the humidity is not too high. Hot humid 
conditions are therefore much more stressful than hot dry conditions 
(Defra Publications, 2005). 
 During heat exposure blood flow is diverted from the internal 
organs to dilated blood vessels near the surface of the skin to facilitate 
heat loss. The skin, which is normally pink, will turn dark as blood 
circulation is shifted to the body surface to dissipate heat; however, the 
increased peripheral blood flow may not dissipate body heat when birds 
are exposed to high environmental temperatures. Panting which starts 
when the ambient temperature increases allows birds to utilize 
evaporative cooling for heat loss. Broilers dissipate more than 80% of 
their heat production by evaporative cooling at high ambient temperature 
(Tom Tabler, 2001) as illustrated in Figure 2.1. 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure.2.1 Generalized schematic diagram illustrating Tb (body temperature) 
and partitioning of energy exchange through a wide range of Ta (ambient 
temperature). The zones and points are: ZMM, Zone of minimum 
metabolism; ZLTE, zone of least thermoregulatory effort; point (a) lower 
critical temperature; point (b), critical temperature;  point(c), temperature at 
which intense evaporative heat loss begins; point(d),upper critical  
temperature ; point (e), Ta which equals normothermic Tb; point (f) where 
sensible heat loss is zero because metabolic heat production equals 
evaporative heat loss ;point (h),point of incipient hyperthermia .(from   
Hillman et al .,1985.) 
 1.4 Effect of high environmental temperature on water, feed intake 
and growth rate   
 The daily water consumption is closely related to the laying rate 
of flock and to its health status (Andresson and Hill, 1968). Mongin and 
Sauveur (1974) showed that during egg formation, the physiological 
stage has a marked effect upon voluntary water intake, water 
consumption is virtually zero just before oviposition and very high after 
this is associated with oviposition itself and not with the ovulation. 
Early access to feed and water immediately after hatch has been 
shown to be an important determinant of subsequent performance (Batal 
and Parsons, 2002). 
Water consumption increases when chickens are exposed to high 
environmental temperatures and survival during heat stress is dependant 
upon water consumption (North and Bell, 1990). 
Heavier broilers are more susceptible to heat stress, so the 
interpretation of the effect of depressed feed consumption can be 
complicated by the resulting reduction in body weight (Reece et al., 
1972). 
Cyclic environmental temperatures may cause changes in 
consumption patterns; birds consume more feed and less water during 
the part of the day with the lowest temperature and showed that the 
increased water consumption and decreased feed consumption observed 
due to high cyclic temperatures arise from changes that occur during part 
of the day. The increase in water consumption precedes the reduction in 
feed consumption; the increase in water consumption preceded the peak 
temperature while the decrease in feed intake followed the peak 
temperature (May and Lott, 1992). 
Depression of feed intake conserves water both directly by 
reducing faecal water loss and indirectly by causing reduction in body 
temperature and hence in evaporative loss (Mc Farland and Wright, 
1969). Savory (1978) concluded that water restriction has little or no 
practiced application for layers but may be of value for reducing the 
growth rate of young birds in order to delay sexual maturity. Meat type 
chickens have been intensely selected for rapid growth, high meat yield, 
and superior feed conversion, causing changes in other physiological 
parameters (Price et al., 1998). 
Hens continually adjust their feed intake according to 
environmental temperature up to about 27°C. This fluctuation in feed 
intake does not affect on production. While above 27°C the birds body 
temperature rises and a much more dramatic reduction in feed intake can 
be anticipated (Bird et al., 2000). 
High environmental temperature had an adverse effect on feed 
intake, body weight and egg production .Birds fed high energy intake 
diet seemed to be more susceptible to thermal shock than birds fed the 
low energy diet (Jack and Blum, 1978). 
Studies demonstrated that growth rates of heat stressed broiler 
could be increased by force-feeding at levels exceeding ad libitum feed 
intake (Smith et al., 1983). Broiler chicks reared in the hot environment 
gained a mean of 53% less weight and consumed 48% less feed than 
birds at more ideal growing temperature (Teeter et al., 1985).       
Heat stress substantially reduces growth rate of broiler chicks, 
diets have been altered to reduce this problem via reducing the heat 
increment of the diet with fat supplementation (Fuller and Mora, 1973) 
and improving the amino acid balance. The decline in growth rate results 
directly from reduced feed intake suggested by Waldroup et al. (1976). 
Blood alkalosis precipitated through altering sodium chloride (NaCl) 
ratios reduces both feed consumption and growth rate of chicks (Hurwitz 
et al., 1973). 
1.5 Effect of high environmental temperature on performance of 
layers  
Temperature is commonly assumed to be the most important 
environmental factors influencing chicken health, behaviour and 
production results (Kuczynski, 2002). 
1.5.1 Egg production  
Laying hens held in battery cages in naturally ventilated poultry houses in hot 
countries usually develop hyperthermia, which adversely affects their 
performance include low egg weight ,low egg production and high shell breakage 
(Wolfenson et al.,2001)  . 
High environmental temperatures have deleterious effects on growth and 
production performance of poultry. A high environmental temperature, the feed 
intake decreases and then often results in inadequate nutrient intake contributing 
to poor performance. The shift in nutrient intake which is associated with 
decrease in food intake at high ambient temperature, adversely influence 
productivity (growth or egg output)(Donkoh and Atuahene, 1988). 
The higher temperature was associated with a decrease in egg 
productivity in all ages (Özbey et al., 2004). 
Cowans and Michie (1983) concluded that rearing pullets at high 
temperature tends to depress egg production in hens fed ad libitum. 
The egg production was decreased with increasing environmental 
temperature from 21.4 oC to 27.6 oC, feed intake of layers decreased 
from 113.3 g/hen to 96.5 g/hen (Ug˘urlu et al., 2001). 
 Gradual acclimation to high ambient temperature might improve 
the efficiency of the physiological mechanisms involved in the hen’s 
response to heat. Consequently the reproductive process adapts to the hot 
environmental conditions (Arad and Marder, 1982). Heat stress results in 
a dramatic reduction in feed intake, with a corresponding drop in egg 
production (Tangendjaja and Yoon, 2002). 
In broilers, it has been shown that higher environmental 
temperature was associated with decreased rate of growth (Howlider and 
Rose, 1987). In laying hens, heat stress depresses egg production 
(Marsden et al., 1987) and egg weight (Peguri and Coon, 1991). 
Kyarisiima and Balnave (1996) showed that high rearing birds in a 
cool environment before transfer to a hot environment during lay 
considerably improved their production during lay compared with hens 
reared and kept during lay at high temperature. 
1.5.2 Egg quality  
Body weight pullets are one of the most common causes for small 
early eggs; they produce more small egg early in the production cycle, 
for every additional 45 grams in body weigh at eighteen weeks of age, 
the egg size increases 0.5 grams. In addition body weight pullets usually 
do not have the skeletal frame necessary to maintain good egg shell 
quality for 40 weeks of age (Douglas, 1983). Payne (1966) reported that 
the temperature experienced by pullets during rearing had no significant 
effect on their subsequent laying performance at different temperature a 
port form smaller eggs and decreased numbers of second quality egg 
from hens reared at high temperature. 
 Kyarisiima and Balnave (1996) showed that the temperature 
experienced by hens during both growth and lay affects production 
responses during lay. The authors also reported that birds maintained at 
the cool temperature throughout life have higher feed gained, body 
weight and laid higher and heaviest eggs with greatest egg minimum 
values for these parameters were obtained with birds kept at the hot 
environment throughout life. 
Egg production, egg weight, shell weight, shell thickness, and 
specific gravity were significantly inhibited in hens under heat stress 
group (Mashaly et al., 2004) .Heat stress reduced egg weight, shell 
weight, shell thickness, and serum Ca levels in layers breeds White 
Leghorn and Lyallpur Silver Black (Sahota et al., 1993). Egg weight 
decline at high ambient temperatures due mainly to heat stress alone not 
to diminished feed intake and a reduction in egg shell thickness due to 
alkalosis of the blood caused by loss of excessive amount of carbon 
dioxide by panting (Smith, 1974). 
High environmental temperatures cause a reduction is egg shell 
quality (Emery et al., 1984) and factors suggested to be responsible for 
this reduction in shell quality include reduced feed intake, reduced blood 
flow to reproductive tract, disturbed blood acid-base balance (respiratory 
alkalosis) and reduced blood ionized calcium concentration. (Odom and 
Harrison, 1986). However, there are several reports (Arad et al., 1981; 
Arad and Marder, 1982, 1988 Arad 1983), suggesting that acclimation of 
laying hen to high temperatures prevents perturbation in the maintenance 
of several physiological processes including thermoregulation and acid 
base balance. Temperature induced decreases in total plasma calcium 
concentration were less in heat – acclimated birds (Arad and Marder, 
1981).  
Many studies have shown that transfer of hens to elevated ambient 
temperature has deleterious effects on eggshell quality, eggshell 
thickness, shell strength, proportion of shell and specific gravity (De 
Andrade et al., 1976, 1977; Miller and Sunde, 1975). 
Grizzle et al. (1992) found that an expected elevated temperature 
(32°C) significantly reduced eggshell quality and this effect is variable 
particularly in younger hens.  
Arad et al. (1981) found that gradual acclimation to increasing 
daily ambient temperatures did not have deleterious effect on the 
productive performance in White Leghorn and Sinai fowl and their 
crosses. Arad and Marder (1982) found that gradual acclimation to 
increasing daily maximal ambient temperatures had only mild effects on 
eggshell thickness and strength. Although differences occurred with 
respect to the intensity of the effects, the Leghorn eggs were still 
characterized by thinner and weaker shells compared with the Sinai 
breed and their crosses. 
Wollknson et al.  (1979) reported a decrease in the plasma calcium 
of hens exposed to elevated temperatures that caused panting (34 to 
40°C). It has been reported from several laboratories that shell quality 
can be improved by extending the light –dark beyond a 24 hr period or 
by repeated intermittent light treatments (Van Tienhoven et al., 1984). 
1.6 Effect of high temperature on protein, amino acid and skeletal  
muscle  
Thermoregulation in birds encompasses a broad spectrum of 
physiological and behavioural responses. At high ambient temperatures 
when birds cannot maintain an equilibrium between heat production and 
heat loss and the mortality rate due to hyperthermia  increases during 
summer (Gabriel et al., 1996). 
All the organisms respond to heat stress by inducing synthesis of a 
group of highly conserved proteins known as heat shock proteins (HSP) 
(Guerriero and Raynes 1990; Gutierrez and Guerrier 1991; Dechesne et 
al., 1992 and Vanlaack et al., 1993) reported that this response occurs in 
a variety of tissues, and it could have an important effect on the 
development of thermal tolerance and immunity (Meller and Qureshi, 
1992). 
Gabriel et al. (1996) concluded that heat stress induces an increase 
in heat shock proteins (HSP) in the broiler liver and that mechanisms are 
time dependant similar to those in mammals digestibility of amino acids 
may be reduced in broiler chickens during period of heat stress. This was 
also shown by Zuprizal and Larbier( 1993) who reported that the true 
digestibility of essential amino acids was generally depressed by 
increasing ambient temperature exposure in broiler. However, Koel 
Kebeck et al. (1998) found that acute heat stress had no adverse effect on 
dietary amino acid digestibility in laying hens. 
Wallis and Belnave (1984) found that the influence of 
environmental temperature on amino acid digestibility was affected by 
sex and high temperatures. High temperatures decreasing digestibility of 
amino acids in females but not male broilers. Expose to high ambient 
temperatures has long been recognized as having a detrimental effect on 
broiler production efficiency and meat yield (Smith and Teeter, 1987; 
Howlinder and Rose, 1989). These negative effects have generally been 
studied in relation to long term or chronic heat stress associated with 
rearing in hot climates or seasonal changes in environmental 
temperatures and reflects to the consequences of physiological 
adaptations to prolonged exposure to elevated temperature conditions. 
Seasonal heat exposure has been reported to cause undesirable changes 
in meat characteristics in turkeys producing pale, softy, oxidative meat 
(Mc Curdy et al., 1996, McKee and Sams, 1997). Reports of similar 
pale, soft, oxidative like changes in meat quality have also been observed 
in broiler exposed to acute or short-term heat stress (North and Bell, 
1994).    
Commercial transportation and acute heat stress during transport 
simulations induce skeletal muscle damage myopathy in broiler chickens 
(Mitchell et al., 1992; Mitchell and Sandercock, 1995). The 
hyperthermia-associated myopathy is characterized by an increase in the 
plasma activity of the skeletal muscle derived iso enzyme creatine kinase 
(CK) and reflects Ca–mediated alterations in muscle membrane integrity 
(Mitchell and Sandercock, 1997). 
1.7 Effect of high environmental temperature on physiological 
responses 
       The physiological change for thermoregulation operates like an 
automatic control system that responds to surrounding environment. 
Heat stress begins when the ambient temperature climbs above 80° F  
physiological changes have already started within it is body to 
dissipate excess heat (Anderson,1993). 
1.7.1 Respiratory responses to high environmental temperature 
 It has been suggested that the unique arrangement of lung and air 
sacs in birds enables birds to pant in hot climates without increase in 
para bronchial ventilation, which could lead to respiratory alkalosis 
(Elhadi and Sykes, 1982) ,also they concluded that some degree of 
alkalosis is a normal response to panting in the laying hen and it has 
been demonstrated in the fowl and a number of other birds that alkalosis 
can occur (Kohne and Johnes, 1975a).However, panting can occur 
without development of  alkalosis in the ostrich, duck and turkey (Kohne 
and Johne, 1975b;Bouverot et al., 1974).  
Thermalpanting in the fowl and other birds increases evaporative 
heat loss and thereby enables them to survive in hot climates often with 
only a mild degree of hyperthermia (Kassim and Sykes, 1982). 
Respiratory rate obviously rises considerably and can be measured on 
unrestrained bird, but the determination of tidal volume and ventilation 
rate has usually involved consolation of the trachea and its connection to 
spiro meters, valves or preumotachographs. This tends to diminish the 
normal rate of panting and increase tidal volume by imposing a 
resistance and by creating an abnormally high dead space volume. 
Moreover eliminates section of the Respiratory Tract that has been 
shown to be the main contributor to evaporative cooling (Menuam and 
Richands, 1974). 
Several species of birds including the fowl can pant with 
exhibiting alkalosis and that alkalosis occurs only when respiration is 
failing (Bech et al., 1979). The total ventilation showed a linear relation 
with respiratory rate during first phase panting, second phase panting 
occurs only at high ambient temperature (40°C) and ventilation 
increased at first but subsequently fell as the decline in respiratory rate 
becomes more pronounced (Kassim and Sykes, 1982).   
At high ambient temperatures, evaporative cooling through 
panting constitutes an important means of heat loss (Jukes, 1971). 
Hypothermic alkalosis however, respiratory alkalosis has not been 
consistently observed in fowl exposed to thermal stress (Richands, 
1970). Kohne and Johnes (1975) reported that acute hyperthermia 
produced profound alkalosis but chronic hyperthermia had no effect. 
Evaporative cooling is impeded by dehydration, which results in a 
decrease in panting rate leading to hypothermia (Arad et al., 1985).  
Respiratory alkalosis, which is a results of hyperventilation from 
panting, may also contribute to growth inhibition at high temp (Marder 
and Arad, 1989), and a decrease in growth rate was observed in chicken 
during alkalosis (Maskrey, 1984 ; Yahav et al., 1995). 
Respiration rate and body temperature attained maximum levels 
on the first day of heat exposure, and then steadily declined during heat 
exposure (Fujita  et al.,  1990) . 
1.7.2 Circulatory responses to high environmental temperature 
Haematological changes are routinely used to determine health 
statuses of the body and to determine stresses due to environmental 
nutritional and/or pathological factors. Because of these facts, during the 
recent decades, the avian physiology is found to be of great importance 
to the scientists, researchers and veterinarians as well as poultry growers. 
Haematological values of chickens are influenced by age, sex, breed, 
climate, geographical location, season, day, length, time of day, 
nutritional status and life habit of species (Islam et al., 2004). 
In general, blood examination is performed for several reasons as 
a screening procedure to asses general health (Simaraks et al., 2004).  
Blood transports nutrients, metabolic waste products and gases 
around the body, and also plays an important role in the transportation of 
heat (Zhou et al., 1997). The amount of blood flowing through the skin 
in the extremities increases on exposure to high environmental 
temperature in sheep (Hales, 1973) and fowls (Arad et al., 1993). 
Brachenbury et al., (1993) reported that the relative blood flow to 
abdominal skin increased with in post exercise. Blood flow redistribution 
constitutes an important component of the thermoregulatory response to 
heat stress. However, changes in blood viscosity may effectively on 
peripheral resistance and thus tissue perfusion and a circulatory 
distribution including the supply to heat exchange surface (Hocking et 
al., 1994). The blood viscosity in fat broiler breeders which had a higher 
mortality and body temperature was twice or more as great as in layer 
breeders, and this seems to contribute to difference in ability to lose heat 
because thermoneutral weight specific metabolic heat production is 
similar in the two groups (Macleod and Hocking, 1993). 
Several systems that participate in thermoregulation operate 
through modulation of heat production and/or heat loss. The 
cardiovascular system may affect on both processes by modulation of 
heat dissipation on the one hand and by oxygen transport in the other 
hand (Yahav et al., 1997). And reported that it is not clear whether 
changes in the blood part of acclimation to high or low environmental 
temperatures or are the responses to acute perturbation only. 
Furthermore, it remains to be determined whether changes in the blood 
system are part of the thermoregulatory responses acquired by birds to 
enable them to withstand large diurnal temperature fluctuation. 
Homeostasis is different among populations, with those selected 
for high body weight, rapid protein accretion or superior feed efficiency 
having higher values than birds selected for low weight or unselected 
controls (Washburn and Siegel, 1963; Lubritz and McPherson, 1994; 
Silversides et al., 1997). Also it was found that the packed cell volume 
(PCV) could be modified by direct-selection (Washburn, 1967; 
Shlosberg et al., 1996), or as correlated response to selection for traits 
that cause metabolic stress, high body weight, rapid growth, high feed 
efficiency, high meat yield, or response to cold stress (Lubritz and 
McPherson, 1994; Shlosberg et al., 1996). 
Sandercock et al.  (2001) concluded that exposure to acute heat 
stress induced disturbances in blood acid- base status and had 
detrimental effect upon skeletal muscle membrane integrity. Muscle 
from broilers exhibits an increased sensitivity to exposure with age. 
Alteration in ante mortem blood acid-base status and muscle membrane 
integrity induced by acute heat stress was associated with adverse effect 
upon breast meat quality.  
Heart rate was slightly low during heat exposure .Plasma 
concentration of uric acid, cholesterol, phospholipid and beta lipoprotein 
showed low level during heat exposure (Fujita et al., 1990). 
A reduction in blood ionized calcium concentrations was reported 
in hens subjected to 35 - 38 ºC for 3 hours (Odom et al., 1986), while 
Arad et al., (1993) reported that blood flow to the reproductive tract of 
the laying hen was not reduced during exposure to temperature of 35 - 
45ºC for 1.5 hours and Samara et al. (1996) suggested that the supply of 
calcium available in blood for shell deposition is not diminished in hens 
acclimated to high environmental temperature. Blood pH was elevated at 
the higher temperature (Bottje et al., 1983). Chronically thermostressed 
chicks exhibit a respiratory cycle with panting and non-panting phases, 
blood pH of panting birds was elevated, while that of non-panting chicks 
was not. Correcting this respiratory alkalosis by addition of NH4Cl to the 
diet increased live weight gain by 25% (Teeter et al., 1985). 
 Blood pH increased in acurvilinear pattern as Leghorn hens were 
exposed to an increasing ambient temperature (Darre et al., 1980). Teeter 
et al. (1985) indicated that when panting blood pH value exceeded 7.35 
with environmental heat tress, growth rate and feed consumption by 
broilers was reduced.  
Supplementing drinking water of heat stressed chicks with 3% 
NH4Cl alone reduced blood pH to 7.33 and increased live weight gain by 
7.2%. Supplementing drinking water with 4% and 5% NH4Cl reduced 
panting phase pH to 7.25 and 7.17, and decreased body weight by 3.1 
and 2.3%, respectively. These levels caused acidosis during the non-
panting-phase (Teeter and Smith, 1986).  
Blood pH values decreased below 7.25 during panting-phase, non-
panting phase acidosis and decreased body weigh gain of chicks exposed 
to stress (Teeter and Smith, 1986). Changes in blood flow patterns and 
cardiac output distribution are of major thermo-regulatory significance to 
chickens (Darre and Harrison, 1987). 
Increased blood flow to peripheral tissues is necessary to increase 
heat loss during exposure to high ambient temperature. Conductive heat 
loss may be significantly altered by changes in blood flow to peripheral 
tissues (Hales, 1983). 
Peripheral and visceral circulatory patterns can be altered by local 
peripheral foot cooling (Staten et al., 1986; Reilly and Harrison 1988). 
Water-cooled roosts reduced metabolic rate of single comb white 
leghorn hens in hot environments (Muiruri and Harrison, 1988), and 
Curtis, 1983) reported that metabolic rate increases with an increase in 
temperature above the zone of thermoneutrality. 
Water-cooled roosts reduced the metabolic rate in hens and spared 
the energy that might have been expended for thermoregulatory effort in 
hot environment (Henry and Harrison, 1991).  
1.8 Acclimatization to high environmental temperature  
Acclimatization was defined as the sum of physiological 
adaptation to maintain normal body temperature, during repeated acute 
heat exposures (Izzeldin and Kassim, 2000).  
Acclimatization is among the management procedures adopted to 
reduce the risk of death by heat stress in broilers (Gabriel et al., 1996). 
The ability of poultry to adapt to a wide range of climates has 
allowed the world–wide distribution of strains with a high degree of 
uniformity in production. However, these strains have mainly been 
developed in temperate countries with little opportunity for heat 
tolerance to be a selection factor. In regions with seasonally high 
ambient temperatures, physiological acclimatization must provide some 
measure of protection against the heat (Sykes and Fataftah, 1986). 
The white hen strains were not always more heat tolerant than the 
brown hen strains; the heaviest white hens when matched with brown 
hens of the same weight were often less heat tolerant. Moreover, heat 
tolerance is labile and can be increased or decreased considerably by 
reducing or increasing energy intake (Fataftah, 1980). 
Yahav et al. (1998) Indicated that turkeys can thermoregulate 
efficiently in the face of extreme changes in relative humidity and that 
only at high relative humidity (above 75%) did the performance of 
turkeys deteriorate. 
Sykes and Fataftah (1986) found that at several days of 
intermittent exposure to a hot climate, laying hens were able to survive 
conditions that initially would have been lethal.       
At high ambient temperature, evaporative cooling is the most 
important mechanism of body temperature control. In birds, this control 
involves cutaneous and respiratory evaporative mechanism (Yahav et al., 
1995). 
 In many birds, heat exchange can be increased through the rete 
ophthalmic, an arteiovenous heat exchanger situated between the optic 
cavity and the brain. This anatomical specialization can be used to 
dissipate heat through the cornea, eye, buccal cavity, the beak and the 
nasal passages (Midtgard, 1989). 
Deaton (1987) showed that body temperature of broilers, 
previously exposed to heat stress is lower than that of broilers which 
have not undergone acclimation.  
             
 

CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Experimental birds 
A total number of 160 day-old chicks, 80 Bovans and 80 Hisex 
White were used in this study.  
The birds were obtained from Coral hatcheries and feed 
production farms. 
The initial body weight at day old was 33.8 gm for Bovans and 
34.5 gm for Hisex White. 
The vaccination program to be followed as recommended by layer 
vaccination program. The chicks were vaccinated against Marek 
diseases. 
2.2 Location and housing  
The experiments were conducted at an open- sided poultry house 
situated in an east-west orientation in Shambat (16° N) in the Department 
of physiology, Faculty of Veterinary Medicine. The house is of concrete 
floor, zinc roof and net bricks sides and it’s of measurements 
(24×15×3m). 
   The experimental house was divided into 8 equal divisions of 
(6×4×3m) each. Inside one of these the cage in 24 pens (50 ×42 × 40 
cm) was used for the experiments, the birds were caged 20 per cage 
during the first six-week, and then were caged 10 per cage at seven 
weeks and 4 per cage at ten week.  
2.3 Experimental feed  
The birds were fed on commercial layer chicks feed( 
metabolisable energy 2850 KCal, crude protein 20%, lysine 1%, 
methionine 0.41%, crud fibre 4%, fats 4%, calcium 1%, phosphorus 
0.7%) in rearing period. In production period the diet constitutes were 
metabolisable energy 2850 kCal, crude protein 17.2%, lysine 0.70%, 
methionine 0.45%, crude fibre 5%, fat  3.5%, calcium 3.62%, 
phosphorus 0.50%). 
2.3.1 Feed intake  
 The actual feed intake was obtained by subtracting the weighed 
refused feed from the offered feed, using digital Metteler balance in the 
first week, and then the K wang ping-China balance measuring to the 
nearest 100gm was introduced till the end of the experiment. 
Food consumption was obtained at weekly interval on replicate 
basis, and then later expressed as g/hen/week.  
2.3.2 Body weight  
 The birds were weighed at day of hatch using a Metteler digital 
balance. At week 5 and up to the end of the experiment, Kwang ping-
China balance (measuring to the nearest 100 gm) was used. The body 
weight was recorded weekly on individual basis, then averaged and later 
expressed as g/hen. 
2.4 Productive performance 
2.4.1 Egg production  
 The eggs were collected daily and evaluated on hen/day egg 
production%. 
2.4.2 Egg Quality 
Egg quality measurements were taken on all eggs laid in one –day 
week during the experimental period. 
2.4.2.1 Egg weight  
The egg weight was obtained using an electronic digital balance 
(Sartorius- Type- 1403) immediately after collection. 
2.4.2.2 Egg shell thickness 
The shell thickness was measured by using a vernier caliper (Karl 
Kolb- Wes Germany) measuring to the nearest 15Cm during the 
production period (dry and wet summer). 
2.4.2.3 Egg yolk colour 
The egg yolk colour was measured by using Roche yolk colour fan 
graded from 1-15 (F. Hoffman-La Roche Ltd., Switzerland), according 
to colour intensity from pale to dark. 
2.5 Temperature measurements 
2.5.1 House temperature (Ta) 
  The daily maximum and minimum ambient temperature were 
measured by digital thermometer (Anleitung Zum Nachstellen eines 
Thermometers un Hygrometer-Eeuchtig Keits Messers) at production 
period, but in the rearing period the ambient temperature were obtained 
from Shambat Meteorological Unit located about 500 metres from the 
experimental site. The data projected in table 3.1, 4.1 and 5.1 shows the 
ambient temperature during rearing period, production period (dry and 
wet summer).   
2.5. 2 Rectal temperature (Tr) 
The rectal temperatures of birds was obtained by using a digital 
thermometer, the reading was taken weekly at 1:00 p.m. The 
thermometer was inserted into the rectum 5 cm touching the wall of the 
rectum, when it attains a steady level, the electronic buzzer will sound 
for about 2 minutes, the body temperature can be read at this time. 
2.6 Respiratory rate (RR) 
 The respiratory rate (breaths/min) of birds was measured visually 
by counting the movement of the vent per minute; the values were 
obtained weekly at 1:00 p.m when the bird was sitting quietly. 
2.7 Blood analysis 
 Three ml of blood were collected from the wing vein (vena cuanea 
ulnaris) was punctured, scrubbed by disinfectant (70% ethanol) before 
getting punctured with insulin disposable syringe with 27-gauge needle.  
 The collection of blood samples was started on the second week of 
the experiments (five birds/ pen) and carefully transferred into 
heparinized tube; the sample was shacked gently before being used for 
the determination of PCV, haemoglobin concentration (Hb). The rest of 
the blood was centrifugated (Gallenkamp junior centrifuge) at 3500 
r.p.m for 10 min to separate plasma samples. Haemolysis –free plasma 
samples were started frozen at – 20oC for subsequent plasma analysis. 
2.7.1 Packed cell volume (PCV) 
The packed cell volume of erythrocytes was measured in duplicate 
using plain capillary tubes. The tube was filled with blood approximately 
to three fourth, and on the end was sealed by cristaseal. Then the tubes 
were centrifuged at 12000 r.p.m for 5 min in a micro-haematocrit 
centrifuge (Hawksley- England) and the PCV as percentage was read 
from the special reader. 
2.7.2 Haemoglobin concentration (Hb) 
The Hb was determined by the cyanomethaemoglobin technique 
using  Drabkin,s solution as described by   Baker and Silverton(1985). 
 
Principle 
 The method is based on oxidation of haemoglobin ferrous by 
potassium ferricyanide to feeric to form methaemoglobin in alkaline 
medium. Methemoglobin interacts with potassium cyanide to from 
cyanomethaemoglobin, a stable haemoglobin pigment. 
Reagents 
 The reagents kit is composed of 0.9 mmol Potassium cyanide, 0.6 
mmol Potassium ferric cyanide, 2.0 mmol Potassium phosphata and 1.4 
mmol sodium chloride. 
5 ml of the above concentrated reagent were added to 245 ml 
distilled water to form the working reagent. 
Procedure 
2.5 ml of working reagent were added to an equal volume of tube, 
defined as blank, sample and standard tube, then 20 microlitre of each 
samples were added to the sample tubes, while the standard tube were 
received 20 microlitre of standard solution.  
All the tubes were allowed to stand for 15 min, then read at 540 
nm in a colorimeter (Corning- 250). 
Calculation (g/dl) =    O.D. Samples × 15 
                                    O. D. Standard 
2.7.3 Differential leukocyte count (DLC) 
 The ratios of heterophils, lymphocytes, monocytes, eosinophils 
and basophils were determined microscopically from a count of 100 
leukocytes in Giemsa-may-Grünwald stained blood smears.   
The blood film was examined using immersion lens (x100) 
magnification in the ideal area of the film. 
Preparation and staining of the blood smear 
The blood smear was prepared from fresh blood sample. A small 
blood drop was placed near the end of the slide, then the blood was 
spread with another slide, dried and fixed with absolute methyl alcohol 
for 5 min. 
Stain Preparation:                         
May- Grünwald stain by adding 100 ml of methanol to 0.3g of 
May- Grünwald powder in a brown bottle. Then they were warmed at 
50°C, thoroughly mixed, and kept at room temperature, while Giemsa 
stain was formed by I gm powder, 66ml Glycerol and 66 ml methanol, 
Heated at 50°C for 2 hr in a water bath. 
Staining protocol 
   The slides were stained as described by Dace and Lewis, (1975).  
The dried smear was fixed in methanol for 15 min., then the smear was 
transferred to May- Grünwald diluted stain 1:1 with distilled water for 10 
min. The smear was directly transferred to Giemsa stain diluted 1:10 
with distilled water for 15 min., finally the smear was washed with 
distilled    water and allowed to dry.  
Examination of the blood film was done by Battlement - method. 
The differential leukocyte count was performed counting and classified 
100 leukocytes. 
2.8 Blood biochemical analysis 
2.8.1 Plasma metabolites  
2.8.1.1 Plasma total protein 
Plasma total protein concentration was determined by biuret 
reagent method as described by King and Wooton (1965). 
Principle: 
The method is based on the fact that copper in alkaline solution 
reacts with the peptide bonds in protein producing violet colour. 
Biuret: NH2 –CO-NH-CONH2 
 One copper atom complexes with 4 molecules of Biuret, the 
linkage being to the central nitrogen atom, the shade of colour being 
different for different proteins.  
Stock reagent: 
9.0 g of sodium potassium tartrate was dissolved in 400 ml of 
0.2N NaOH. Then 3 gm of cupper sulphate (CUSO4.7 H2O) were added 
and dissolved by stirring, then 5 gm of potassium iodide were added and 
the volume was made up to one litre with 0.2 N NaOH. 
Colour reagent: 
From stock reagent, the colour reagent was prepared by diluting 
50 ml of the stock reagent to 250 ml with 0.2N NaOH solution 
containing 5 gm of potassium iodide per litre.  
Procedure 
The test solution was prepared by mixing 0.2 ml of plasma to 3 ml 
of Biuret reagent, the blank was prepared by adding 0.2 of distilled water 
to 3 ml of Biuret reagent, while the standard consisted of 0.2 ml of 
protein standard (6.0 gram bovine albumin/100ml distilled water) and 3 
ml Biuret reagent. All tubes containing standard, blank and samples were 
mixed well and kept at 37oC temperature for 30 min. The optical density 
of test and standard were read at 540 nm using the spectrophotometer 
(JENWAY-6150 Ultraviolet-USA). 
Calculation (gm/dl) 
Plasma total protein concentration =     O.D. Samples   
                                                          O. D. Standard                 
2.8.1.2 Plasma albumin 
Plasma albumin concentration was determined by colorimetric method 
of Baratholmew and Delany (1966). 
× 6 
Principle 
This method depends on dye binding-Bromo-cresol Green (BCG). It is 
the best reagent that gives green colour at pH 3.8-5.0. 
Reagent 
0.174 gram of Bromocresol gram (BCG) was dissolved in 25 ml 
of 0.1N NaOH, the volume was made up 250 with distilled water. 6 ml 
of BCG were added to 17.3 ml of 29.4% molar sodium citric and 32.7ml 
of 21% molar citric acid.  The volume was made up to I litre with 
distilled water, and the pH was adjusted to 3.8. 
Procedure 
4 ml of the colour reagent (BCG) was used as blank to adjust zero 
point. For the standard, 0.2 ml of the standard solution (4 gram bovine 
albumin/100 ml distilled water) were added to 4 ml of the above reagent, 
for the test, 0.2 ml of the sample (plasma) was added to 4 ml of the 
reagent. All the tubes were mixed well and read at 620 nm using the 
spectrophotometers. 
Plasma albumin concentration (g/dl) =   O.D. Samples   x 4 
                                                           O. D. Standard                 
2.8.1.3 Plasma glucose 
 The plasma glucose concentration was determined by the 
enzymatic colorimetric methods using a kit (Randox Laboratory Ltd., 
London). 
Principle 
The plasma glucose was determined by enzymatic oxidation in the 
presence of glucose oxidase. The hydrogen peroxide formed reacts, 
under catalysis with phenol and 4 aminophenazone to form a red-violet 
dye as indicator.  
Glucose + O2  +  H2 O  Glucose oxidase    Gluconic acid +  H2 O                                       
Reagents 
Reagents 1 (Buffer solution) 
 This solution was composed of 92 mmol/L of tris buffer (pH 7.4) 
and 0.3 mmol/L of phenol. 
Reagents 2 (Enzymes) 
 This reagent was composed of 1500 U/L of glucose oxidase and 
1000 U/L of peroxidase. 
Standard solution  
 The standard solution was prepared by dissolving 100 mg of 
glucose in 100 ml of distilled water. 
Preparation of working reagent 
 The working reagent was prepared by diluting the enzyme 
(reagent 2) with a corresponding volume of the buffer 
Procedure 
The blank was prepared by mixing 0.01 ml of distilled water with 
1.0 ml of reagent. For the test, 0.01 ml of the plasma was added to 1.0 ml 
of reagent. The standard was prepared by mixing 0.01ml of glucose 
standard with 1 ml of reagent. The contents of the tubes were mixed and 
incubated for 30 min. at 37oc temperature. Then the optical densities of 
sample and standard were read at 520 nm using a Colorimeter (Corning-
250). 
Calculation 
Plasma glucose (mg/dl)=    O.D. Samples x  100 
                                        O. D. Standard                 
2.8.1.4 Plasma cholesterol 
The plasma cholesterol level was determined by the enzymatic 
colorimetric method using a kit (Randox Laboratory Ltd., London). 
Principle  
The cholesterol was determined after enzymatic hydrolysis and 
oxidation .The indicator quinoneimine was formed from hydrogen 
peroxide and 4-amino antipyrine in the presence of phenol and peroxide. 
                                         
 Cholesterol+ Fatty acids                     Cholesterol ester + H2O 
               
     Cholestene-3-one+ H2O2                          Cholesterol + O2                                             
Reagent 
 The reagent was composed of 0.30 mmol/L of 4- amino 
antipyrine, 6 mmol/L phenol, 0.5U/ml peroxidase, 0.15U/ml cholesterol 
esterase, 0.1U/ml cholesterol oxidase and 80 mmol/L pipes buffer (PH 
6.8). The standard was composed 5.17mmol/L (200 mg/dl) cholesterol. 
Procedure 
The blank was prepared by mixing 0.01 ml of distilled water with 
1.0 ml of plasma was added to 1.0 ml of the reagent. 
The standard was prepared by mixing 0.01 ml of glucose standard 
was added to 1.0 ml of the reagent. The tubes were mixed well and 
EsteraseCholesterol
Cholesterol
Oxidase
incubated at 37oc temperature for 5 min then the O. D. of sample and 
standard were read at 540 nm using colorimeter (Corning-250). 
Calculation (mg/dl)   
Plasma cholesterol concentration =          O.D. Samples x  200 
                                                             O. D. Standard                 
2.8.2. Plasma minerals  
2.8.2.1 Plasma sodium (Na) 
 The concentration of sodium (Na) in plasma was determined by flame 
photometer technique as described by Wooton (1974). 
Reagent 
A stock solution of Nacl (1000 mEq/L) was prepared by 
dissolving 0.634 gm of dry (analar) NaCl in 500ml of distilled water. A 
working standard solution was prepared by dilution 0.6 ml of the stock 
solution to 100 ml with distilled water. The calibration curve for sodium 
was constructed using dilutions of the standard solution to give 120, 130, 
140, and 150 and 160 Na mEq/l concentration of Na solution. 
Procedure 
A volume of 0.1ml of plasma was diluted with 9.9 ml of distilled 
and deionized water in a test tube. The zero reading was adjusted by 
distilled and deionized water and the high standard adjusted to the upper 
setting of 100 using the working standard solution. Then the standard 
and sample were measured using the flame photometer. Plasma Na 
concentration was measured in mEq/L the values were read from the 
standard curve (Appendix: A1). 
2.8.2.2 Plasma potassium (K) 
Plasma concentration of K in plasma was determined by flame 
photometry technique described by Wooton (1974). 
Reagent   
 A stock solution was prepared by dissolving 7.46 gm of dry 
(analar) KCl in one litre of distilled water. A working standard solution 
was prepared by diluting the stock solution with distilled and deionized 
water 1:50 . The calibration curve for K was constructed using dilutions 
of the standard to give 2, 4, 6 and 8 K mEq/L concentration of potassium 
solution. 
Procedure 
A volume of 0.1 ml of plasma was diluted with 9.9 ml of distilled 
and deionized water in a test tube. The zero reading was adjusted by 
distilled and deionized water and the high standard was adjusted to the 
upper setting of 100 using the standard work solution. Then the standard 
and sample were measured using the flame photometer. Plasma K 
concentration was measured in mEq/L the values were read from the 
standard curve (Appendix: A2).  
2.8.2.3 Plasma phosphorus (P) 
Plasma concentration of P was determined by the colorimetric 
method described by Varley (1967). 
Principle  
Phospholipids are precipitated with TCA and oxidized to 
phosphate with perchloric acid and hydrogen peroxidase. Phosphate 
forms a colour complex with molybdate and vandate in the presence of 
nitric acid.   
Reagents 
10% TCA 
10 g TCA were dissolved in 100ml-distilled water.  
Ammonium molybadate solution  
15g of ammonium molybdate were dissolved in 400 ml of distilled 
water; then 100ml of 10% sulphuric acids were added and the volume 
was made up to 800 ml with distilled water. 
P-Methylaminophenol (Metol) solution  
One gram of P-methylaminophenol was dissolved in 100 ml of 3% 
solution of sodium bisulphate (Na2 S2). 
Standard solution  
0.2197 gm of potassium dihydrogen phosphate (KH2PO4) was 
dissolved in 1 litre distilled water and few drops of chloroform were 
added. 
Procedure 
Protein precipitation 
To 1ml of the plasma in a test tube, 9 ml of 10% TCA were added, 
and then mixed well and filtered.  
The sample, standard and plank were prepared by placing 5 ml of 
supernatant, standard and TCA separately in 3 test tubes. To all tubes 1 
ml of metol was added and mixed well, then the tubes were allowed to 
stand for 30 min. at room temperature and the optical density (O.D) was 
read at 680 nm using spectrophotometer (JENWAY-6150 Ultraviolet-
USA). 
Calculation (mg/dl) 
 Plasma  P concentration=      O.D. Samples  x 5 
                                            O. D. Standard                 
                                    
2.8.2.4 Plasma calcium (Ca) 
 The plasma concentration of (Ca) was determined by colorimetric 
method described by Tinder (1964).  
Principle  
The methods is based on the fact that the calcium ions (Ca) form a 
violet complex with ethanolamine in alkaline medium.  
Reagents 
Chloranilic acid (0.5%) 
Without using heat, 0.5 gm of the chloranilic acid was dissolved in 
100 ml distilled water containing 0.4 ml of ethanolamine. Then 50 gm of 
the sodium cyanide was added. The solution was allowed to stand for 18 
hr and then clear upper layer was stored in refrigerator (4° C). 
Ferric nitrate solution (4%) 
10 gm of ferric nitrate were dissolved in 200 ml of distilled water 
and 30 ml of H2SO4 was added. Then the volume was made up to 250 ml 
with distilled water. 
Standard Stock Solution 
0.25 gm of calcium carbonate was dissolved in 100 ml of HCl (0.1 
N). The working standard solution was prepared by diluting 4 ml of the 
stock standard in 100 ml distilled water. 
Procedure  
For samples and standard preparation, 0.5 ml of plasma and 
working standard were added in two test tubes. Then 1ml of chloranilic 
acid was added to each tube. For the blank, 4 ml of ferric nitrate (4%) 
was placed in test tube. 
Both tubes were centrifuged at 3000 r.p.m. for 5 minute, then the 
supernatant was decanted and the tubes were drained on clear filter 
paper. The precipitate was washed with 0.5 ml distilled water. Then 
centrifuged, decanted and washed again. The precipitate was dissolved in 
4 ml of 4% ferric nitrate and left to stand for 5 min. and the optical 
density was read at 500 nm using spectrophotometer (JENWAY-6150 
Ultraviolet-USA). 
Calculation (mg/dl) 
Plasma Ca concentration=     O.D. Samples   x 10 
                                           O. D. Standard   
2.9 Experimental plan 
  A total number of 160 day-old chicks, 80 Bovans and 80 
Hisex White were used in this study, of average day of hatch weight of 
the day old was 33.8 gm for Bovans and 34.5 gm for Hisex White. The 
experimental house was divided into 8 equal divisions of (6×4×3m) 
each. Inside one of these the cage in 24 pens (50 × 42 × 40 cm) was used 
for the experiments, the birds were caged 20 per cage during the first six-
week, and then were caged 10 per cage at week 7 and  4 per cage at 
week 10.  
 The experiment was carried out under tropical country conditions. 
Rearing period from (October, 2002-March, 2003), dry summer 
(production period) from (March, 2003-May, 2003) and wet summer 
(production period) from (June, 2003-September, 2003). 
In rearing period feed intake, body weight, were calculated weekly 
as shown previously in chapter two. Rectal temperature and respiratory 
rate were taken weekly at 1:00 p.m. Blood samples collection was started 
on the second week of the experiment for analysis as explained in 
chapter two. 
In dry and wet summer (production period) feed intake, body 
weight, were calculated weekly. The eggs were collected daily during 
this period total egg production and egg quality measurements were 
taken as explained in chapter two. Rectal temperature and respiratory 
rate were taken weekly at 1:00 p.m. 
2.10 Statistical analysis   
The data of the study were subject to ANOVA procedures for 
complete-randomized designs (CRD). The statistical analysis was 
performed using Statistical Analysis (SAS, 1990). The results of 
statistical analysis are presented in the Appendices. 
 
 
 
CHAPTER THREE 
THE PERFORMANCE OF BOVAN AND HISEX WHITE CHICKS 
DURING THE REARING PERIOD (October, 2002-March, 2003) 
 
3.1. Introduction 
In many parts of the world there are varieties of local birds that 
have been selected, for superior production of eggs and meat. There are 
also available, in most areas, chicks of egg strains and meat strains that 
have been developed by selection and strain crossing in North America, 
Europe, Japan, and Australia. Imported strain crosses are always more 
productive and more uniform than improved local breeds. Piliang et al.  
(1982).  
The use of major genes to improve productivity in smallholder 
poultry breeding programmed has been researched in various tropical 
countries including Sudan, Indonesia, Malaysia, Thailand, Bangladesh, 
Bolivia, India, Cameroon and Nigeria. (FAO, 1987). 
Exotic breeds it as been recommended to improve the quality of 
stocks suitable for rural condition plays a major role for development of 
rural poultry, crossbred birds posses high egg production, grow fast and 
have higher survivability. It depends on parent quality, gene interaction, 
genotype and environmental interaction (FAO, 1987). 
Introducing of the Naked gene into local lines in the tropic country 
for higher productive adaptability (Horst, 1988). 
 Exotic breeds have a higher egg yield; Fayoumi (Fay) the exotic 
pure breed .This breed is from Egypt and possesses the characteristics of 
early sexual maturity, more egg production and low mortality Barua et 
al. (1998). The approximate weight of the Fayoumi is 1.7 kg; egg weight 
43 g. Fay is well adapted under tropical conditions (Anisuzzaman, 1988). 
Rode Island Red (RIR) is an American breed, comparatively 
heavy and used for two the two purpose (meat and egg) production. The 
approximate weight of the (RIR) is 2 kg, egg weight 55g of brown 
colour. A crossbred of Fay female and RIR reported to perform better 
egg production and considering environmental factors (Amber, 2000). 
Rhode Island Red has highest performance, which is considered to be 
well adapted to the tropical climatic condition (Sazzad, 1986). 
Rahman et al. (1997) reported the best performance of RIR x Fay 
with highest egg production when compared with other crosses of 
Lohman Brown x Fay and RIR x White Leghorn (WLH). 
High ambient temperature effect on the performance of Hy-Line 
laying breeds, egg production, egg weight and shell quality are decreased 
in heat stressed birds. Lin et al. (2002). 
There are four major breeds of birds used in the Australian egg 
industry. The four breeds are the Hisex, ISA, Hy-line and Lohmann 
Brown. The 4 breeds of bird account for approximately 98% of all egg 
layers in Australia .The benefits of the imported layers over the previous 
breeds used include the precocious onset of production, early large egg 
size and a smaller bird with superior feed conversion (Ian Mullins, 2004) 
The needs for identification of the most tolerant exotic breeds 
which include Bovan and Hisex White which the favourable genetic 
characteristics of these breeds are large numbers of good quality eggs 
and good quality feed compared with local breeds. The present work was 
undertaken to compare the performance of two exotic breeds Bovan and 
Hisex White during the rearing period under tropical condition of Sudan.  
3.2. Experimental procedure: 
A total number of 80 Bovan and 80 white Hisex White chicks 
were used in this study. The rearing period start from week 1 to week 20. 
The initial mean body weights of the day old were 33.8 gm for Bovan 
and 34.5 gm for Hisex White were use. 
 For each breed, the chicks were located groups of 20 per cage 
during the first 6 weeks, and then were housed 10 birds per cage at week 
7, at last 4 birds per cage at week 10. The cages were kept at an open- 
sided poultry house situated in an east-west orientation. 
During the rearing period the birds were fed on a commercial 
layer feed: metabolisable energy 2850 KCal, crude protein 20%, lysine 
1%, methionine 0.41%, crude fibers 4%, fats 4%, calcium 1% 
phosphorus, 0.7%.  
In this experiment, the growth performance and physiological 
responses were taken for both breeds. The feed intake was determined 
and measured (gm/ birds/day) and the body weight was recorded weekly 
on individual basis, then averaged and later expressed as (g/bird). The 
rectal temperature (Tr) and Respiratory rate (RR) were measured weekly 
at 1:00 p.m.  
The collection of blood samples was started on the second week of 
the experiment period from 5 birds/ pen, the blood samples were used for 
determination of PCV, Hb, and the plasma samples were used for 
determination concentration of total protein, albumin, glucose and 
cholesterol, plasma minerals: Na, K, P and Ca concentration were also 
measured. 
3.3 The ambient temperature (Ta): 
 The ambient temperatures (Ta) prevailing during the rearing 
period as presented in table 3.1. 
Table 3.1 The ambient temperature (Ta) during the rearing period 
(October, 2002 - March, 2003).  
Ta (°C)  Experimental period 
(weeks) Maximum Minimum Mean 
1 35 25.5 30.25 
2 39.3 27.5 33.4 
3 34.5 21.5 28 
4 36 24 30 
5 38.5 27.5 33 
6 38 25 31.5 
7 38.5 24.5 31.5 
8 36 24 30 
9 37 25 31 
10 36.5 24 30.25 
11 35 25.5 30.25 
12 34 24 29 
13 35.5 25.5 30.5 
14 38 25 31.5 
15 37.5 25 31.25 
16 39.5 26.5 33 
17 38.5 24 31.25 
18 40.5 27 33.75 
19 39 26 32.5 
20 40 27.5 33.75 
 
3.4 RESULTS 
3.4.1 Feed intake and body weight  
Figure 3.1 and Figure 3.2. shows the feed intake and body weight 
(Bw) of Bovan and Hisex White layer chicks during rearing period (20 
weeks). The results of statistical analysis are shown in Appendix (A3), 
(A4).The values of feed intake ranged between 9.1 gm and 88 gm for 
Bovan, 8.1 gm and 88 gm for Hisex White, body weight ranged between 
51.3 gm and 1371.3 gm in Bovan, 52 gm and 1362.6 gm in Hisex White 
during rearing period, there was gradual increase in feed intake and 
body weight in both breeds increased linearly with increasing age. In 
weeks 7, 8, 9 and 10 there was a decrease in feed intake. (BW)  also 
decrease in weeks 7, 8, 9 for the two breeds.  
   In weeks 2, 4 and 5, the feed intake was significantly higher 
(P<0.01) for Bovan than Hisex White. In 3 and12 weeks the feed intake 
increased significantly (P<0.05) for Bovan than Hisex White. In other 
occasions during rearing period there was no significant difference 
between the two breeds. 
The body weight (BW) for the two breeds showed that there was 
no significant difference, except week 5 where the (BW) was 
significantly (P<0.01) higher for Bovan than Hisex White.  
 
  
 
 
Figure.3.1. Feed intake of Bovan and 
Hisex White in rearing period
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 Figure.3.2. Body weight of Bovan 
and Hisex White in rearing
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3.4.2 Rectal temperature (Tr) and respiratory rate (RR)  
Figure3.3 and 3.4 shows the rectal temperature (Tr) and 
respiratory rate (RR) of Bovan and Hisex White layer chicks. The results 
of statistical analysis are shown in Appendix (A5), (A6). 
 The values of rectal temperature (Tr) ranged between 39.5 oC and 
42.1 oC   for the Bovan, 39.8 oC and 42.5 oC for Hisex White. 
 The values of (Tr) decreased gradual  in weeks 1 in the two breeds 
and was gradual increase in weeks 2 and 3 then decreased until week 8 
Tr increase gradually to a attain  42.1 oC  in Bovan and 42. 5 oC in Hisex 
White and was become steady during a whole rearing period. 
The values of respiratory rate (RR) ranged between 36.7 and 55.0 
for the Bovan , 33.0  and 60.5 for  Hisex White. 
 The initial value of (RR) was 39.1 and 33.0 (breaths/min) 
respectively in the Bovan and Hisex White and was gradual increase in 
weeks 2 and 3. Thereafter, an RR value decreased in week 8  and  
increased in week 9 after that (RR)   was maintained. 
   In week 2 (Tr) was significantly (P<0.05) higher for Hisex White 
than Bovan. 
The respiratory rate RR in week 1 was significantly (P<0.01) 
higher for Bovan, whereas it was significantly (P<0.01) higher for Hisex 
White during weeks 2 and 18. However in weeks 10, 14, 17 and 19, the  
Hisex White showed significantly (P<0.05) higher respiratory rate (RR) 
than Bovan.  
3.4.3 Packed cell volume (PCV) and haemoglobin concentration (Hb)  
Figure 3.5 and figure 3.6 shows the packed cell volume PCV and 
haemoglobin concentration Hb in layer chicks Bovan and Hisex White.  
The results of statistical analysis are shown in Appendix (A7), (A8). The  
means values of PCV were they ranged between 25.8% and 34.5% for 
the Bovan , 25.5 % and 36.0 % for  Hisex White. The mean values of Hb 
concentration ranged between 7.3 g/dl and 15.7 g/dl for the Bovan, 7.9 
g/dl and 14.1 g/dl for  Hisex White. 
The initial PCV value was 26.1% for the Bovan and 30.0 % for 
Hisex White. The PCV increased in weeks 6, 10 and 14 in the layer 
chicks Bovan and Hisex White. The Hb concentration decreased in 
weeks 8, 10 and 12 in the two breeds. 
 
 
 
 
  
Figure.3.3 The rectal temperature (Tr) of Bovan
and Hisex White in rearing period
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Figure.3.4 The respiratory rate (RR) of 
Bovan and Hisex White in rearing
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 Figure.3.5 The packed cell volume (pcv) of
Bovan and Hisex White in rearing period
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 Figure.3.6 Haemoglobin concentration (Hb) 
of Bovan and Hisex White in rearing period
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The response of PCV of Bovan and Hisex White layer chicks 
during rearing period was not significantly different except in week 2 in 
which, Hisex White had significantly (P<0.01) higher PCV than Bovan. 
The haemoglobin concentration Hb of Bovan and Hisex White 
during rearing period was not significantly different, except at week 16 
in which, it was significantly (P<0.05) higher for the Bovan. 
3.4. 4 Plasma total protein and albumin concentrations 
Figure 3.7 and figure 3.8 shows plasma total protein and albumin 
concentration in layer chicks Bovan and Hisex White. The results of 
statistical analysis are shown in Appendix (A9), (A10). The values of 
plasma total protein a ranged between 6.2 g/dl and 7.2 g/dl for the 
Bovan, 6.1 g/dl and 7.2 g/dl for the Hisex White. Albumin values a 
ranged between 2.6 g/dl and 3.2 g/dl for the Bovan,  2.7 g/dl and 3.3 g/dl 
for the Hisex White. 
The values of plasma total protein in week 2 were 6.2 g/dl in 
Bovan and 6.1 g/dl in Hisex White. Thereafter plasma total protein 
values increased in weeks 4 and 6 and decreased in week 8  and steady to 
increasing with increasing age in layer chicks Bovan and Hisex White . 
Plasma albumin values were 2.7 g/dl in Bovan and 2.7 g/dl in Hisex 
White in week 2.Thereafter plasma albumin level in week 8 decreased to 
values 2.6 g/dl in Bovan and 2.6 g/dl in Hisex White in the two breeds 
and steady to increasing with increasing age in layer chicks Bovan and 
Hisex White. 
 
 
 
 
 
Figure.3.7 Plasma total protein concentration 
of Bovan and Hisex White in rearing period
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Figure.3.8. Plasma albumin concentration of 
Bovan and Hisex White in rearing period
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 The plasma total protein level was not significantly different 
between breeds during the rearing period. Plasma albumin level in the 
two breeds revealed non-significant effect except in the week 6 where 
the Hisex had significantly (P< 0.05) higher level than Bovan.  
3.4.5 Plasma glucose and cholesterol concentrations  
Figure 3.9 and figure 3.10 shows plasma glucose and cholesterol 
concentrations in layer chicks Bovan and Hisex White. The results of 
statistical analysis are shown in Appendix (A11), (A12). The values of 
plasma glucose a ranged between 100.4 mg/dl and 216.3 mg/dl for the 
Bovan, 126.5 mg/dl and 241.8 mg/dl for the Hisex White.  
    In both breeds the plasma glucose level decreased from an 
initial value of 125 mg/dl to 100.4 mg/dl for the Bovan  and from 132 
mg/dl to 135.4 mg/dl for the Hisex White in week 8, it was significantly 
(P<0.01) higher for Hisex White during week 8. Furthermore, plasma 
glucose increased in both breeds in weeks 10 and 14, it was significantly 
(P<0.05) higher for Hisex White in week 14. 
 
 
 
 
 
  
 
Figure.3.9 Plasma glucose concentration of Bovan 
and Hisex White in rearing period
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Figure.3.10 Plasma cholesterol concentration of
Bovan and Hisex white in rearing period
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The plasma cholesterol concentration in layer chicks Bovan and 
Hisex White showed low level in weeks 2, 4 and 6 and then they was 
progressive increase in cholesterol level in week 8    
The plasma cholesterol concentration between the two 
breeds showed non significantly different throughout the rearing 
period. However, Bovan showed a significantly (P<0.01) higher 
values at week fourteen  
3.4.6 Plasma minerals: Na, K, P and Ca concentrations  
Figure 3.11 shows plasma sodium in layer chicks Bovan than 
Hisex White. The results of statistical analysis are shown in Appendix 
(A13 ). The values of plasma sodium a ranged between 113.2 mEq/L  and 
126.3 mEq/L for the Bovan , 115.5 mEq/L  and 127.3 mEq/L  for the 
Hisex White.  
In week 4 plasma sodium levels increased compare to the initial 
values then in weeks 8 and 10 sodium levels decreased and then steady 
to increasing with increasing age in layer chicks Bovan and Hisex White.       
Plasma Na concentration shows that there was no significant 
different between the two breeds except in week 16 where the Hisex 
White had significantly (P< 0.05) higher level than Bovan. 
  
 
Figure.3.11 Plasma Sodium (Na) concentration 
of Bovan and Hisex white in rearing period
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Figure 3.12 shows plasma K in layer chicks Bovan than Hisex 
White. The results of statistical analysis are shown in Appendix (A14 ). 
The values of plasma K a ranged between 3.2 mEq/L and 4.1 mEq/L for 
the Bovan , 3.2 mEq/L  and 4.1 mEq/L  for the Hisex White. Plasma 
potassium K level increasing with age, except in week 10  plasma K 
level decreased in the two breeds.  
The plasma K showed no significant different between breeds as 
shown in figure 3.12 . 
Figure 3.13 shows plasma P in layer chicks Bovan than Hisex 
White. The results of statistical analysis are shown in Appendix (A15 ). 
The values of  plasma P a ranged between 3.5 mg/dl and 4.2 mg/dl for 
the Bovan, 3.4 mg/dl and 4.1 mg/dl for the Hisex White. Plasma P level 
increasing in week 8 in the two breeds.  
 The plasma P showed no significant different between breeds as shown in figure 
3.13. 
Figure 3.14 shows plasma Ca in layer chicks Bovan than Hisex 
White. The results of statistical analysis are shown in Appendix (A16). 
The values of plasma Ca a ranged between 7.1 mg/dl and 7.8 mg/dl for 
the Bovan , 7.1 mg/dl and 7.8 mg/dl  for the Hisex White. Plasma Ca 
level increase with age. Thereafter in week 12 Ca level increased to7.4 
mg/dl  in the two breeds. In week 14 plasma Ca levels decreased and 
return to increase in week 16 in both breeds.   
The plasma Ca level in Figure (3.14) showed that there was no 
significant different between the two breeds. In week 14 plasma Ca level 
decreased in both breeds. However, in week 4, the Ca level was 
significantly higher (P< 0.05) in Bovan than Hisex White. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure.3.12 Plasma potassium (k) concentration
of Bovan and Hisex white in rearing period
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Figure.3.13 Plasma phosphorus (P) concentration 
of Bovan and Hisex white in rearing period
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Figure.3.14 Plasma calcium (Ca) concentration of
Bovan and Hisex white in rearing period
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3.5 Discussion 
An experiment was conducted to study the performance of the two breeds Bovan 
and Hisex White during the rearing period. 
In this experiment, the feed intake and body weight (BW) 
increased in Bovan and Hisex White (layer chicks) with increasing of 
age (Figure 3.1 and 3.2). These results are in agreement with Batal and 
Parsons, (2002) who clearly showed that nutrient digestibility increases 
with increasing age for chicks. Thus during this development and 
maturation of the digestive system in young poultry, dietary nutrition 
may be poorly utilized, especially during he first 7 to 10 day post 
hatching. Body weight  (BW) increases with Feed intake these results an 
agreements with Smith et al. (1983) who suggested that the increased in 
growth rate result directly from increase feed intake. In first 5 weeks the 
feed intake depressed for Hisex White and body weight in week 5 due to 
high ambient temperature in weeks 2 and 5. According to May and Lott, 
(1992), who reported the decreased in (BW) at high ambient temperature 
from low feed intake. The depression in feed intake and decrease in 
(BW) at week 7 in both breeds is due to infection by coccidioses.  
 The body core temperature (Tr) is usually used as a reliable index 
of the body heat balance and heat content in homeotherms (Richards, 
1970). The rectal temperature (Tr) and respiratory rate (RR) increased 
with age as shown in figures 3.3 and 3.4. Newly hatched chicks have 
deep core body temperature below those of adult birds; the increase (Tr) 
in adult birds is related to feather cover and the increased metabolic 
activity associated with growth (Siegel, 1968). 
     The result obtained in the current investigations showed that the 
higher rectal temperature Tr of the Bovan and Hisex White increase until 
week 3 could be due to increase metabolic activity associated with 
growth. Previous study showed an increase in Tr with the increase 
metabolic rate in growing chicks. (Warld and Peterson, 1973; Altan et 
al., 2000).    Layer chicks response to high ambient temperature include 
that the rectal temperature begins to rise slowly and respiration rate 
begins to increase almost immediately, respiratory rate increase for 
Hisex White in weeks 2, 10, 14,18 and 19 in this experiment could be 
attributed to an increase in ambient temperature as reported by Sykes et 
al. (1982) who stated that thermal panting in the fowl and other birds 
increases evaporative heat loss and enables them to survive in hot 
climates. The higher rectal temperature and decrease in respiratory rate 
in week 8 could be associated with infection by coccidioses in week 
seven. 
 The result reported in (Fig 3.5 and 3.6) indicated that the PCV 
values and Hb concentration during rearing period increases with 
increase age. This could be related to increase feed intake. Islam et al. 
(2004) who reported that the PCV volume and Hb concentration 
increased with the advancement of age in the three breeds (Fayoumi, 
Assil and local chicken).       
 The PCV values indicate that no difference between breeds; the 
PCV was higher in Hisex White in the second week. These findings are 
in consistence with Altan et al. (2000) who suggested that acute heat 
stress did not affect the PCV values and it contrasts with Mitchell et al. 
(1992) who observed that PCV values vary with the ambient temperature 
at which birds are reared.  Haemoglobin concentration (Hb) increased 
on Bovan in the week sixteen this could be due increasing feed intake as 
Veldkamp et al. (2000) showed that reduction in feed intake could result 
in a decrease in micronutrients (iron, amino acid and vitamins) needed 
for Haemoglobin and erythropioiesis formation. In our study (PCV) and 
(Hb) decreased in week eight this due to infection by coccidioses in week 
seven. This result was similar to (Burnham and Gerard, 2003) who 
observed that poultry diseases including fowl typhoid, avian coccidiosis 
and infectious bursal diseases also significantly influence 
haematological values of avian species. 
Plasma total protein and albumin levels showed consistent 
increase during rearing period could be due to the increase in feed 
intake in this age. This result was similar to Bowes et al.  (2003) who 
observed that serum total protein and albumin levels increased over the 
six week, serum albumin will increase when protein intake exceeds the 
amount required for growth and maintained .Plasma total protein and 
albumin levels decreased in week eight for the two breeds this also due 
to infection by coccidioses in week Seven. 
Plasma glucose level during rearing period increased with age 
(figure 3.9) In newly hatched chicks; the plasma glucose level increases 
for several weeks and then decreases (Hazelwood, 1986). The present 
results indicated a progressive decreased in week 8. This pattern could 
be related to the infection by coccidioses and a reduction on feed intake. 
In the newly hatched period chickens are particularly susceptible to 
disease because they do not have prolonged maternal protection and 
their immune deficiency mechanisms have not yet reached maturity. 
Siatskas and Boyd, (1996). Plasma cholesterol level increased initially 
with age and then decreased (figure 3.10). This could be attributed to 
increase in the utilization of residual yolk as a source of energy. Newly 
hatched chicks utilize their residual yolk as a source of energy. 
Murakami et al. (1988). Thereafter, the serum cholesterol level increases 
during several weeks’ post- hatching. Griminger, (1986)  
The significant decrease in plasma sodium for Hisex White in 
week sixteen at ambient temperature (39.5 0C) might be due to losses 
into the excreta (urine and the watery dropping during heat stress). This 
result was similar to those shown by Belay and Teeter, (1993). 
Potassium concentration in this study was not significantly affected 
between two breeds. Plasma K concentration decreased in high 
temperature .This result agrees with Huston (1978) observed that blood 
K concentration were reduced in growing chicken by high ambient 
temperature.   
 Plasma calcium during rearing period increased in week four in 
Bovan was a result of increase feed intake for Bovan at ambient 
temperature (36 0C) and plasma calcium in the two breeds decreased in 
week fourteen this might be due to high ambient temperature (38 0C). 
This is in accordance with the findings of Ait-Boulahsen et al. (1993). 
Garlich and Maccormick (1981) reported that Ca and P balance seems to 
have an affect on survival time during periods of acute heat stress.  
 
CHAPTER FOUR 
THE PERFORMANCE OF BOVAN AND HISEX WHITE 
LAYING HENS UNDER DRY SUMMER CONDITIONS 
 (MARCH, 2003 - MAY, 2003)  
4.1. Introduction 
Temperature, ventilation rate, humidity, litter conditions, dust and 
gas levels are all environmental critical control points that should be 
monitored. Failure to properly manage these environmental critical 
control points will likely result in lower economic returns. Farm 
management during the early brooding stage in the life of the poultry 
will determine their potential and adverse environmental conditions 
reduce growth rate and increase feed conversion ratio and that loss 
recovered by the end of the grow out (Tom Tabler, 2003). 
Heat stress is more detrimental to bird performance than cold 
stress. The effects of being too hot begin with the breeder birds that fail 
to eat adequately and produce smaller chicks and poultry. The birds in a 
hot environment use valuable feed energy for heat dissipation of 
growing. Heat stressed birds experience poor feed conversion and weight 
gains as well as higher mortality and morbidity (Watkins, 2001), 
reduction in feed intake usually associated with drop in egg production. 
(Tangendjaja and Yoon, 2002). 
Commercial birds are particularly susceptible to heat stress 
because metabolic heat production increases with growth rate, while the 
capacity to dissipate heat does not (Tom Tabler, 2001). 
Most of the highly productive poultry breeds are found in 
temperate countries, when these breeds were introduced to hot climate, 
selection for breed's resistance to heat stress alone will not lead to 
profitable commercial birds. In laying hens, all the other traits such as 
egg production, egg size, egg shell quality, disease resistance, body size 
and feed efficiency, must be improved.  
This experiment was conducted to study and compare the 
productivity and performance of Hisex White and Bovan layers in dry 
summer conditions during production periods.  
4.2. Experimental Procedure 
A total number of 80 birds, 40 Bovan and 40 White Hisex, were 
used in this study. The birds were caged 4 per cage in week 10 during 
rearing period. The birds start production in week 20. The dry summer 
period start from week 21 to week 30. 
 The birds were fed on a commercial layer’s feed (metabolisable 
energy 2850 kcal, crude protein 17.2% lysine 0.70%, methionine 0.45%, 
crude fiber 5%, fat 3.5%, calcium 3.62%, phosphorus 0.50%). 
The feed intake was determined and recorded per day (gm). The 
body weight was measured weekly on individual basis, then averaged 
and later expressed as g/bird/week. The production parameters 
measured included total egg production (%), egg weight (gm). Egg shell 
thickness (mm) and yolk colour. The rectal temperature (Tr) and 
respiratory rate (RR) were measured weekly as described in chapter 
three. The haematological measured were packed cell volume (PCV), 
haemoglobin concentration (Hb) and differential leukocytes count. The 
blood metabolites in the study were plasma total protein, albumin, 
glucose and cholesterol concentrations. Plasma minerals were also 
measured.  
4.3 Thermal environment 
The daily maximum and minimum ambient temperature was 
measured daily using thermometer. The prevailing environmental 
conditions during the experimental period are shown in Table 4.1. 
The relative humidity values were obtained from Shambat 
Meteorological Unit data were reading per week during production 
period (dry summer) and are shown in Table 4.2. 
 
Table 4.1. The ambient temperature (Ta) during dry summer period 
(March, 2003 - May, 2003).  
Ta (° C) Experimental period 
(weeks) Maximum Minimum Mean 
1 37 27 32 
2 41.6 24 32.8 
3 39.2 30 34.6 
4 41 28 34.5 
5 42.3 26.5 34.4 
6 43 26 34.5 
7 46 28.5 37.25 
8 44 23 33.5 
9 42.3 26 34.15 
10 42.5 26 32 
 
 
Table 4.2. The relative humidity (RH %) during dry summer period 
(March, 2003 - May, 2003).  
RH (%) Experimental period 
(weeks) Maximum Minimum Mean 
1 24.85 9.28 17.07 
2 28.85 9.00 18.92 
3 23.28 11.71 17.50 
4 24.57 10.57 17.57 
5 23.14 9.71 16.42 
6 24.28 10.14 17.21 
7 19.57 13.28 16.42 
8 17.85 11.28 14.57 
9 22.57 14.00 18.28 
10 42.71 30.42 36.57 
 
 
 
4.4. RESULTS 
4.4. 1 Feed intake and body weight  
 The data on feed intake and body weight (BW) of laying hens 
(Bovan and Hisex White) are presented in Figures 4.1 and 4.2, 
respectively. The results of statistical analysis are shown in Appendix 
(A17), (A18).The mean values of  feed intake ranging between 72.8-103.0 
gm for Bovan  and 70.2-103.3 gm for Hisex White. The highest and 
lowest body weight values for Bovan 1488 – 1308 (gm) and Hisex White 
1423 – 1485 (gm). 
The results showed that the feed intake in both breeds increased in 
weeks 1, 2, 3 and 4. The mean value of feed intake decreased in weeks 5, 
6 and 7. Following weeks 8, 9 and 10 the mean value of feed intake 
increased. However (BW) in both breeds increased in weeks 1 and 2. In 
week 3 (BW) decreased and return to increased in week 4. Thereafter in 
weeks 5 and 6 the mean value of (BW) decreased then in weeks 7, 8, and 
9 the value of (BW) increased and decreased in week 10.  
The feed intake and (BW) were not significantly different for the 
two breeds.  
In both breeds, the feed intake and body weight decreased in 
weeks 5 and 6 at high ambient temperature (42.3- 43 °C) and relative 
humidity (23.1 -24.3 %).  
 
  
 
 
Figure.4.1  Feed intake of Bovan and 
Hisex White in dry summer
0
20
40
60
80
100
120
1 2 3 4 5 6 7 8 9 10
Age (Weeks)
Fe
ed
 in
ta
ke
 (g
m
/b
ird
/d
ay
)
Bovan Hisex
 
 
 
 
 
 
 
 
  
 
Figure.4.2 Body weight (BW) of Bovan and 
Hisex White in dry summer
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4.4.2 Egg production and egg quality  
4.4.2.1 Total egg production  
Figure 4.3 shows total egg production of laying hens (Bovan and 
Hisex White) during dry summer period.  
The results of statistical analysis are shown in Appendix (A19).The 
mean values of total egg production. 
The rate of egg production increased linearly with time during the 
experiment. Thereafter, in week 7 egg productions decreased for both 
breeds because of marked increase in ambient temperature (46oC). 
However, in weeks 1, 3 and 7, the egg production was significantly 
(P<0.05) higher for the Bovan. Moreover, in the second week, the values 
of total egg production was significantly (P<0.01) higher for Bovan. 
4.4.2.2 Egg weight  
Figure 4.4 shows egg weight of laying hens (Bovan and Hisex 
White) during dry summer period. The results of statistical analysis are 
shown in Appendix (A20). The mean values of egg weight ranging 
between 42.5 - 53.3 gm in Bovan and 36.6-52.1 gm in Hisex White. 
 
 
 
 
  
Figure.4.3 Total egg production (number/hen/week) of 
Bovan and Hisex White in dry summer
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 Figure.4.4 Egg weight (gm) of Bovan and Hisex White 
in dry summer
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Egg weight increased linearly with time during the experiment in 
both breeds. Thereafter egg weight decreased in week 7 in the two 
breeds, the egg weight was 48.9 gm in Bovan, 47.2 gm in Hisex White at 
high ambient temperature (46 C°). Following weeks 8, 9 and 10 egg 
weight increased. 
Figure 4.4 indicates that there was no significant difference 
between the two breeds in egg weight during dry summer period, except 
in weeks 1,5 and 8 in which the Bovan egg weight was significantly 
(P<0.05), higher.  
4.4.2.3 Egg shell thickness  
Figure 4.5 shows egg shell thickness of laying hens (Bovan and 
Hisex White) during dry summer period. The results of statistical 
analysis are shown in Appendix (A21). The mean values of egg shell 
thickness ranging between 2.5 - 3.8 mm in Bovan and 2.5-3.7 mm in 
Hisex White. 
  The mean values of egg shell thickness increased almost linearly 
with time.  In weeks 4 and 7 the mean values of egg shell thickness 
decreased in the two breeds at high ambient temperature.  
The data on egg shell thickness shows there was no significant 
difference between the two breeds, except in the week 5 in which the 
Bovan had significantly (P<0.05) higher values of egg shell thickness .  
  
 
 
 
Figure.4.5 Egg shell thickness of Bovan and 
Hisex White in dry summer
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4.4. 2.4 Yolk colour  
Figure 4.6 shows yolk colour of laying hens (Bovan and Hisex 
White) during dry summer period. The results of statistical analysis are 
shown in Appendix (A22). 
 The data on yolk colour in both breeds produced egg with pale 
colour grade two in the weeks 1 and 2, and then the yolk colour was 
improved to grade three, was maintained until the end of the 
experimental period.  
There was no significant difference between breeds in yolk colour 
during the experimental period. 
4.4.3 Rectal temperature (Tr) and respiratory rate (RR) 
Figure 4.7 shows rectal temperature (Tr) of laying hens (Bovan 
and Hisex White) during dry summer period. The results of statistical 
analysis are shown in Appendix (A23). The values of rectal temperature 
(Tr) ranged between 41.6 oC and 42.4 oC  for the Bovan , 41.6oC  and 
42.3 oC for  Hisex White. 
The values of rectal temperature (Tr) for the Bovan 41.8 oC and 41.8oC  
for  Hisex White in week 1. The Tr decreased in weeks 2 and 3 in both 
breeds .Then in both breeds Tr values increased in week 4 and in weeks 
5 and 6 Tr values decreased. Thereafter, Tr values increased gradually to 
high levels in week 7 to 42.4 oC  in the Bovan and 42.3 oC in Hisex 
White. Then Tr values was maintained until the end of the experimental 
period. 
 
  
 
Figure.4.6 Yolk colour of Bovan and Hisex 
White in dry summer
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Figure.4.7 The rectal temperature (Tr) of Bovan 
and Hisex White in dry summer
41.0
41.2
41.4
41.6
41.8
42.0
42.2
42.4
42.6
1 2 3 4 5 6 7 8 9 10
Age (Weeks)
Tr
 (o
C
)
Bovan Hisex
 Figure 4.8 shows respiratory rate RR of laying hens (Bovan and 
Hisex White) during dry summer period. The results of statistical 
analysis are shown in Appendix (A24). The values of respiratory rate 
(RR) ranged between 50.0 to 155.6 breaths /min in Bovan and 46.0 to 
144.2 breaths /min in Hisex White. 
 The values of respiratory rate RR in week 1 was 75.7 breaths /min 
in Bovan and 82.8 breaths /min in Hisex White. The RR values 
decreased in week 2 and increased in week 3 and return to decreased in 
weeks 4,5 and 6. Thereafter, RR values increased gradually to high 
levels in week 7 to 155.6 breaths /min in Bovan and 144.2 breaths /min 
in Hisex White. Then   RR values declined in weeks 8, 9 and 10.  
The body temperature of both breeds increased with rise in temperature in week 
7, the increase in Tr in week 7 was associated with increases in RR of the layer 
hens (Bovan and Hisex White) as illustrated in Figures 4.7 and 4.8.     
The data on rectal temperature Tr for Bovan and Hisex White 
during dry summer period as presented Figure 4.7. shows no difference 
in Tr values in both breeds during dry summer period. Figure 4.8 shows 
that the respiratory Rate RR in dry summer period was not significantly 
different between two breeds. However, RR was significantly higher for 
the Bovan in weeks 9 (P<0.01) and 10 (P<0.05). 
 
 
 
 Figure.4.8 The respiratory rate (RR) of Bovan 
and Hisex White in dry summer
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4.4.4 Packed cell volume (PCV) and haemoglobin concentration 
(Hb)  
 Figure 4.9 shows packed cell volume (PCV) of laying hens 
(Bovan and Hisex White) during dry summer period. The results of 
statistical analysis are shown in Appendix (A25). The values of PCV 
decreased in week 4. There was a sharp increase in the PCV value in 
weeks 6 and 8. Thereafter, the PCV declined in week 10.   
Figure 4.10 shows haemoglobin concentration (Hb) of laying hens 
(Bovan and Hisex White) during dry summer period. The results of 
statistical analysis are shown in Appendix (A26). The values of Hb 
decrease in week 4. Then in week 6 the Hb values increase. Thereafter 
the Hb values decline in weeks 8 and 10.   
Packed cell volume (PCV) and (Hb) concentration of Bovan and 
Hisex White hens during dry summer period were not significantly 
different. The PCV was not affected by ambient temperature. The Hb 
concentration   of the two breeds decreased in the last two weeks. 
 
 
 
 
  
 
 
Figure.4.9 The packed cell volume (PCV) 
of Bovan 
and Hisex White in dry summer
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Figure. 4.9. The packed cell volume (PCV) of  
Bovan and Hisex White in dry summer 
  
 
 
Figure.4.10   Haemoglobin concentration (Hb)
of Bovan and Hisex white in dry summer
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4.4.5 Differential leukocytes count (DLC) 
  The differential leukocytes counts of Bovan and Hisex White 
during dry summer are shown in Table 4.2. The heterophils, 
lymphocytes, eosinphis and basophils showed no significant difference 
between the two breeds, except monocytes was higher (P<0.05) in the 
Bovan compared to Hisex White in the last week .  The results showed 
that the number of heterophils decreased in weeks 8 and 10. The 
lymphocyts and monocyts ratios were not affected. The eosinphils and 
basophils number increased in the last three weeks in both breeds.  
The heterophil: lymphocyte ratios decreased in the two breeds in 
week 8 as shown in Figure 4.11. And heterophil: lymphocyte ratios 
between the two breeds showed no significant different Appendix (A27). 
4.4.6 Plasma total protein and albumin concentration  
 Figure 4.12 and Figure 4.13 shows plasma total protein and 
albumin concentration of laying hens (Bovan and Hisex White) during 
dry summer period. The results of statistical analysis are shown in 
Appendix (A28) and Appendix (A29). The values of plasma total protein a 
ranged between 7.2 g/dl and 7.8 g/dl for the Bovan , 7.3 g/dl and 7.8 g/dl 
for the Hisex White. Albumin values a ranged between 3.3 g/dl and 3.8 
g/dl for the Bovan, 3.3 g/dl and 3.8 g/dl for the Hisex White. 
Plasma total protein level decreased from the value of 7.8 g/dl in 
week 2 to 7.5 and 7.2 g/dl in weeks 4 and 6 respectively in the Bovan,  
 
Table 4.3. Differential Leuckocyte Count (DLC) of Bovan and Hisex 
White laying hens in dry summer 
Weeks  
2 4 6 8 10 
Breeds B H B H B H B H B H 
Lymphocyts 
(%) 
47.75 50 46.25 47.5 43.5 46.25 48.75 46.25 42.5 47.5 
Heterophils 
(%) 
39.5 35 37 37.5 38 36.25 31.25 31 33 33.75
Monocyts 
(%) 
5.25 6 5.25 5 5 4.75 5.25 5.1 8.75 6.25*
Eosinphils 
(%) 
2.5 2.25 1.75 1.75 5.25 5 4.75 4.5 4.7 4.7 
Basophils 
(%) 
- - - - 1.75 1.5 1.75 1.5 1.75 1.75 
 
B:Bovan 
H:Hisex White. 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Last Significant Difference . 
  
 
 
 
Figure 4.11. Heterophil: lymphocyte ratio of 
 Bovan and Hisex in dry summer
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Figure.4.12 Plasma total proteicon conentraionn
of Bovan and Hisex White in dry summer
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Figure. 4.12. Plasma total protein concentration of 
Bovan and Hisex White in dry su mer 
  
 
 
Figure.4.13 Plasma albumin concentraion of 
Bovan and Hisex White in dry summer
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and in Hisex White plasma total protein level decreased from the value 
of  7.8 g/dl in week 2 to 7.6 and 7.3 g/dl in weeks 4 and 6  respectively . 
Then plasma total protein level in both breeds increased in weeks 8 and 
10. 
The plasma albumin level decreased in weeks 4 and 6 and 
increased in weeks 8 and 10 in the two breeds. 
  The plasma total protein concentration showed no significant 
difference between the two layer breeds in dry summer (Figure 4.12). 
Also the plasma albumin concentration showed no significant difference 
between two breeds in (Figure 4.13). 
4.4.7  Plasma glucose concentration 
 Figure 4.14 shows plasma glucose level of laying hens (Bovan and 
Hisex White) during dry summer period. The results of statistical 
analysis are shown in Appendix (A30).  
The plasma glucose level in week 2 was 232.0 mg/dL in Bovan, 
233.3 mg/dL in Hisex White. However, in weeks 4, 6 and 8 glucose level 
decreased compare to week 2 in both breeds. In week 10 there was a 
progressive increase in plasma glucose level.  The glucose level 
decreased in both breeds in weeks 4, 6 and 8 at high ambient temperature 
as presented in Figure 4.14.  
The plasma glucose concentration of Bovan and Hisex White 
laying hen during dry summer period showed no significant difference 
between the breeds.  
 
  
 
Figure.4.14 Plasma glucose concentration of 
Bovan and Hisex white in dry summer
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4.4.8 Plasma cholesterol concentration 
Figure 4.15 shows plasma cholesterol level of laying hens (Bovan 
and Hisex White) during dry summer period. The results of statistical 
analysis are shown in Appendix (A31). 
The plasma cholesterol level decrease in weeks 6 and 8 compare 
to weeks 2 and 4. Then after, plasma cholesterol level increase in week 
10  
The data on plasma cholesterol concentration showed a decrease 
in weeks 6 and 8 in the two breeds at high ambient temperature (Figure 
4.15). Plasma cholesterol concentration showed no significant difference 
between the two breeds.   
4.4.9 Plasma minerals: Na, K, P and Ca concentrations 
Figure 4.16 shows plasma sodium in laying hens (Bovan and 
Hisex White) during dry summer period. The results of statistical 
analysis are shown in Appendix (A32).The values of plasma sodium a 
ranged between 124.9 mEq/L  and 129.4 mEq/L for the Bovan , 125.8 
mEq/L  and 127.4 mEq/L  for the Hisex White.  
In week 4 plasma Na level decreased compare to the week 2 and 
then in week 6 plasma Na levels increased in both breeds. Then plasma 
Na levels decreased in weeks 8 and 10 in the breeds.  
 
  
 
Figure.4.15 Plasma cholestero lconcentraio of
Bovan and Hisex White during dry summer
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figure.4.16 Plasma sodium (Na )concentraion 
of Bovan and Hisex White in dry summer
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Plasma Na was not significantly different between the two breeds 
as shown in Figures (4.16). 
Figure 4.17 shows plasma K in laying hens (Bovan and Hisex 
White) during dry summer period. The results of statistical analysis are 
shown in Appendix (A33).The values of plasma K a ranged between 4.1 
mEq/L and 4.2 mEq/L for the Bovan, 4.1 mEq/L and 4.4 mEq/L for the 
Hisex White. 
In Week 4 plasma K level decreased compare to the week 2 and 
then in week 6 plasma K levels increased in both breeds. 
Plasma K was not significantly different between the two breeds 
as shown in Figures (4.17). In both breeds, plasma Na and K 
concentrations decreased in week 4 at high ambient temperature 410C.   
Figure 4.18 shows plasma P in laying hens (Bovan and Hisex 
White) during dry summer period. The results of statistical analysis are 
shown in Appendix (A34).The values of Plasma P a ranged between 4.0 
and 4.2 mg/dl for the Bovan, 4.0 and 4.2 mg/dl for the Hisex White. 
Plasma  P level was higher in weeks 6 and 8 compare to weeks 2 
and 4 .However, plasma P level decrease in week 10.   
Plasma P was not significantly different between the two breeds 
(Figure 4.18).  
Figure 4.19 shows plasma Ca in laying hens (Bovan and Hisex 
White) during dry summer period. The results of statistical analysis are 
shown in Appendix (A35).The values of plasma Ca a ranged between 6.8 
and 8.2 mg/dl for the Bovan, 7.4 and 8.2 mg/dl for the Hisex White. 
Plasma Ca level was decreased in week 4 compare to week 2.   
However, plasma Ca level was increase in weeks 6 and 8 .plasma Ca 
return to decrease in week 10.   
The plasma Ca level was only significantly (P< 0.05) affected in 
the week 6, in which it was higher for the Bovan than Hisex White 
(Figure 4.19). 
  
 
 
Figure.4.17 Plasma potassium (K) concentraion of 
Bovan and Hisex White in dry summer period
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Figure.4.18 Plasma phosphorus (P) concentraion
of Bovan and Hisex White in dry summer
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Figure.4.19 Plasma calcium (Ca) concentration 
of Bovan and Hisex White in dry summer
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4.5 Discussion 
 In the present experiment, feed intake, body weight, 
performance, thermoregulatory and haematological responses in layer 
hens Bovan and Hisex White have been investigated in dry summer 
period. The climatic data projected in Table 4.1 and 4.2 indicated that the 
experimental birds have been exposed to marked circannual changes in 
the thermal environment.    
In the present study, the increased in body weight of layer hens 
increase during the first four weeks in dry summer could be attributed to 
the increase in feed intake in the beginning of the production period. In 
weeks 5, 6 body weight decreases with a decrease in feed intake this 
might be due to rises ambient temperature Table 4.1 (Waldroup et al., 
1976; Smith, 1983; Teeter et al., 1985; Birds et al., 2000) reported that 
the feed consumption and body weight decreased due to a rise ambient 
temperatures.  
In this experiment, egg production and egg weight increased with 
increasing age in both breeds (Figs 4.3 and 4.4). This is attributed to the 
influence feed intake.  Ryan and Mickey (1998) reported that White 
Leghorn pullets started laid approximately in weeks 16, the pullets are 
fed according to body weight gain and/or age. The goal is to raise a 
strong and healthy bird that can support egg production; the diet is also 
altered in order to support egg production. Similarly, egg size increased 
with increasing age of ISA-White and ISA-Brown layers hen Silversides 
and scott  (2001).   
The result indicated that the egg production of the two breeds was 
significantly decreased at high ambient temperature Figure 4.3. Also the 
egg weight of the two breeds decreased significantly at high ambient 
temperature as shown in Figure 4.4. The decrease in egg production and 
egg weight is attributed to the decrease in feed intake, which decreases 
the availability of nutrients for digestion and absorption. These 
observations are in accordance to finding reported by other workers (De-
Andrade et al., 1976; Cowans et al., 1983; and Mashaly et al., 2004) 
which indicated that the feed intake, body weight, egg production and 
egg weight of laying hens was affected by high ambient temperature. 
Ozbey et al. (2004) suggested that the decrease that occurs in egg 
productivity due to high temperature is not related directly to high 
temperature; it was also caused by the decrease in food consumption 
depending on the increase in environmental temperature. Kyarisiima and 
Balnave (1996) reported that birds maintained at cool temperature 
throughout life had higher values of feed gain, body weight and laid 
heavier eggs with greatest egg compare with values obtained with birds 
kept at high environmental temperature throughout life. 
The egg shell thickness decreased in laying hens Bovan and Hisex 
White in weeks 4 and 7 at high ambient temperature as shown in Figure 
4.5 .The decrease in egg shell thickness might be due to decrease in feed 
intake associated with decreased Ca intake and reduced plasma calcium 
concentration at high ambient temperature. This finding agrees with the 
result reported by Koelkbeck et al. (1992) who reported that high 
environmental temperature caused reduction in egg shell thickness. 
The increase egg shell thickness in week 5 for Bovan could have 
resulted either from increase in plasma Ca for Bovan than Hisex White. 
This finding is in accordance to Castaldo and Maurice (1990) who 
reported that the decrease in egg shell thickness was also attributed to a 
decrease in the activity's of carbonic dehydrase and Ca, or from 
acclimation to high ambient temperature. Arad and Marder (1982) found 
that gradual acclimation to increasing daily maximal ambient 
temperatures had only mild effects on egg shell thickness and strength. 
Although differences occurred with respect to the intensity of the effects, 
the Leghorn eggs were still characterized by thinner and weaker shells 
compared with the Sinai desert breed and their crosses. 
The current results indicated that the yolk colour  was not affected 
by breeds and duration of the experiment .This could be attributed to fed 
on  a commercial layer feed in the two breeds that yolk colour  improved 
by additives diet . Similarly Ravindran (1995) observed that the egg yolk 
colour which was improved significantly by feeding the test diet include 
finger millet, rice polishing, rubber seed meal, cassava leaf meal and 
dried poultry manure than hen feeding on a commercial diet. Yolk 
colours depend on the diet of the hen as reported in Jacquline et al. 
(2000). Gurbuz et al. (2003) conducted that egg yolk colour lowest or 
highest pigmentation were obtained from the diets additives. 
The physiological investigations as regards rectal temperature (Tr) 
and respiratory rate (RR) have shown an increase in high ambient 
temperature as in week 7 Figure 4.7 and 4.8. The higher Tr could be 
attributed to high ambient environmental temperature. This result is 
comparable and in agreement with Hillman et al. (1985). Who 
demonstrated a rise in body temperature when birds were exposed to hot 
environmental and /or performing vigorous physical activity.  
The significant increase in Tr of laying hens (Bovan and Hisex 
White) exposed to high ambient temperature resulted in significant 
increase in RR. The increase in RR is a normal physiological response to 
dissipate heat from the body to decrease hyperthermia as reported earlier 
by Wang et al. (1989 ) .The laying hen will start panting when the 
ambient temperature rises to 37 oC.Panting resulted in a diminution in the 
partial pressure of carbon dioxide in the blood Wang et al. (1989 ) .   
The PCV values of Bovan and Hisex White during dry summer 
values were not affected by high ambient temperature Figure 4.9. This 
result is in agreement with Altan et al. (2000) who suggested that acute 
heat stress did not affect the PCV values. However, it disagrees with 
Zhou et al. (1999) who observed that PCV were significant lower  at 
high ambient temperature.Other researchers reported that thermal load 
was associated with a significant decreased the PCV level of the 
chickens. (yahav et al., 1996). 
The Hb values decreased in the last two week Figure 4.10. This 
could be associated reduction in feed intake at high ambient temperature 
and with haemodilution associated with vasodilatation. Previous study 
showed that thermal load is usually associated with reduction in feed 
intake Veldkamp et al. , (2000 ). Reduction in feed intake could results 
in decrease in micronutrients (iron, amino acid and vitamins) needed for 
haemoglobin and erthropioiesis formation. 
The results obtained indicate that the number of heterophils 
decreased in the last two weeks, the lymphocyts did not influenced by 
high ambient temperature table 4.2. The eosinphils and basophils 
increased in the last three weeks in both breeds Bovan and Hisex White. 
The decrease in heterophils decreased in the last two weeks is in 
agreement with Bedanova and Suchy (2003) who found that acute heat 
stress caused a decrease in the number of heterophils and an increase in 
basophils and partially agree with Maxwell and Robertson, (1998) who 
reported the development of heterophils and basophilis as a result of 
acute heat stress in chickens. The heterophils: lymphocytes ratio in the 
two breeds during dry summer decreased in week 8 during which the 
ambient temperature increased. This result is in line with the findings of 
Bedanova et al. (2003) who reported that heterophils: lymphocytes ratio 
gets lower with increased ambient temperature. 
The decrease plasma total protein and albumin concentration 
during summer period in weeks 6 and 8 Figs 4.12 and 4.13. This could 
be due to decrease in feed intake as a result of exposure to high ambient 
temperature. Ueno et al. (1978) indicated that the plasma total protein 
and total cholesterol concentration in layers decreases depending on the 
increase of the environmental temperatures. Ozbey et al. (2004) stated 
that the high temperature reduced the blood serum protein and albumin 
levels in the Japanese Qualis. 
The decrease plasma glucose and cholesterol values in weeks 6 
and 8 might be due to high ambient temperature in this week .This could 
be attributed to the reduction on feed intake. This finding is in agreement 
with Soliman and Huston (1974) who indicated that the plasma 
cholesterol level decreased significantly at high temperatures and Bongin 
et al. (1996) who stated that heat stress decreased the blood plasma 
glucose levels.  However, it contradicts the finding of Ozbey et al. 
(2004) who reported that high temperature increased the blood serum 
glucose, and cholesterol in the Japanese Qualis. 
The current result indicated that plasma sodium, potassium and 
calcium concentration in laying hens decreased at high ambient 
temperature. The results are partially in agreement with Ait-Boulahsen et 
al. (1989) who reported that Ca, P and K decreased during high ambient 
temperature and plasma Na increased . Ozbey et al. (2004) found that the 
blood K concentration decreased significantly in temperature stress. 
Plasma P levels had no affect during summer period. This result is agree 
with Garlich and McCormick (1981) reported that during period of acute 
heat stress plasma Ca showed low levels and high level of plasma P. And 
a disagreement with Teeter et al. (1980), the authors concluded that 
dietary levels of P should be increased for birds reared in hot 
environments.  
 
 
 
 
 
 
CHAPTER FIVE 
THE PERFORMANCE OF BOVAN AND HISEX WHITE 
LAYING HENS UNDER WET SUMMER CONDITIONS  
(JUNE- SEPTEMBER, 2003).  
5.1. Introduction 
 The chickens have spent their life in poultry houses, in 
order for the chicken to be able to perform their yield capacities entirely, 
they should be kept in environmental conditions with optimal care as 
well as genetic features. An adequate environment within poultry houses 
is a requsite for success in the poultry industry. The environmental 
factors considered include heat, humidity and air movement as were as 
ammonia and carbon dioxide in the air (Kocaman et al. 2006). 
Seasonal changes directly affect productivity in poultry. The 
efficiency of  egg production was found to be  lower  during summer and 
autumn .Environmental temperature was correlated with hydrogen 
sulfide, dust, temperature, relative humidity on many measures of 
performance including egg production, body weight and egg quality 
(Kocaman et al. 2006). 
Cyclic environmental temperature directly affects feed and water 
intake, during the part of the day with lowest temperature feed intake 
increased, water intake decreased   (May and Lott, 1992). Increased feed 
intake increases body weight and also has an effect on other 
physiological responses. 
 High humidity reduces evaporative heat loss from the skin and 
respiratory membranes of poultry and thereby increases the effect of 
high temperature (Esamy, 1978). Wet summer (autumn) is characterized 
by humid environment with fluctuating temperature. This study was 
conducted to assess the physiological responses and productivity of 
exotic breeds, of Bovan and Hisex White under humid tropical condition 
in Sudan.  
5.2. Experimental procedure: 
The study was performed utilizing the stock of Bovan and Hisex 
White layer hens that were used in studies under dry summer conditions. 
The wet summer period start from week 31 to week 43. The parameters 
measured in the previous study were monitored using the layer hens 
which attained an age 30 weeks at the beginning of the study.  
The feed intake was determined and recorded per day (gm). The 
body weight was measured weekly on individual basis, then averaged 
and later expressed as g/bird. The production parameters measured 
included total egg production (%) ,egg weight (gm). Egg shell thickness 
(mm) and yolk colour. The rectal temperature (Tr) and respiratory rate 
(RR) were measured weekly as described in chapter three. The 
haematological measured were packed cell volume, haemoglobin 
concentration and differential leukocytes count. The blood metabolites in 
the study were plasma total protein, albumin, glucose and cholesterol 
concentrations. Plasma minerals were also measured.  
5.3 Thermal environment  
The daily maximum and minimum ambient temperature was 
measured daily using thermometer. The prevailing environmental 
conditions during the experimental period are shown in Table 5.1. 
The relative humidity values were obtained from Shambat 
Meteorological Unit data were reading per month during production 
period (wet summer) and are shown in Table 5.2. 
 
 
  
Table 5.1 The ambient temperature (Ta) during wet summer period 
(June, 2003 - September, 2003).  
Ta (° C) Experimental period 
(weeks) Maximum Minimum Mean 
1 35 25 30 
2 41.2 27.5 34.35 
3 34.5 21.5 28 
4 42.5 27 34.75 
5 43 26 34.5 
6 42.5 25.5 34 
7 42.5 26 34.25 
8 41.3 27 34.15 
9 37 24 30.5 
10 42.3 28 35.15 
11 42.7 26.3 34.5 
12 41.5 24.5 33 
 
 
 
 
 
Table 5.2 The relative humidity (RH %) during wet summer period 
(June, 2003 - September, 2003).  
 
RH (%) Experimental period 
(weeks) Maximum Minimum Mean 
1 45.3 20.4 32.9 
2 42.7 17.3 30.0 
3 52.6 28.6 40.6 
4 69.14 41.16 55.4 
5 58.90 31.00 44.50 
6 55.40 28.60 41.00 
7 71.60 43.00 57.30 
8 80.00 49.71 64.85 
9 78.71 50.14 64.48 
10 72.28 48.00 60.14 
11 70.42 47.14 58.78 
12 75.57 47.57 61.57 
 
 
 
5.4 Results  
5.4.1 Feed intake and body weight (BW)  
Figures .5.1 and 5.2 shows feed intake and body weight of laying 
hens (Bovan and Hisex White) in wet summer. The results of statistical 
analysis are shown in Appendix (A36) and (A37) .The mean values of 
feed intake ranging between 80.7-94.0 gm for Bovan and 82.9-98.7 gm 
for Hisex White. The highest and lowest body weight values for Bovan 
1429 – 1272 (gm) and Hisex White 1393 – 1216 (gm). 
The average daily feed intake decreased in the two breeds Bovan 
and Hisex White in week 4 reaching 80.7 and 82.9, respectively. In week 
5 reaching 80.9 g/d 87.8 g/d respectively at high ambient temperature 
(42.5 oC) and (43 oC) in weeks 4 and 5, respectively and relative 
humidity (69.14) and (58.9) % for the two weeks. In week 6 feed intakes 
increased in the two breeds reaching 90.7 g/d for Bovan and 97.0 in 
Hisex White. Following weeks 7, 8, 9, 10, 11 and 12 feed intake was 
maintained.  
Body weight (BW) increased in week 3 in both breeds .On weeks 
4 and 5, they was a sharp declined in the body weight in both breeds 
Bovan and Hisex White average body weight for Bovan 1352, 1337 
(gm) and 1290, 1306 (gm) for Hisex White respectively in weeks 4 and 
5. Thereafter in week 6 body weights increased in both breeds reaching 
1369 for Bovan and 1345 for Hisex White. The mean values of (BW) 
were maintained at the end of the experiment. 
 
 
 
  
 
Figure.5.1 Feed intake of Bovan and Hisex White 
in wet summer
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 Figure.5.2 Body weight of Bovan and Hisex 
White in wet summer
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The result of feed intake and body weight during the study are 
presented in Appendix (A36) and (A37) showed that there was not 
significant difference between the two breeds. 
5.4.2 Egg production and egg quality  
5.4.2.1 Total egg production  
Figures .5.3 shows total egg production of laying hens (Bovan and 
Hisex White) in wet summer. The results of statistical analysis are 
shown in Appendix (A38).The total egg production per hen/week in both 
breeds decreased in weeks 5, 8 and 10. 
 Total egg production showed no significant difference between 
the two breeds.  
5.4.2.2 Egg weight 
Figures .5.4 shows egg weight of laying hens (Bovan and Hisex 
White) in wet summer.  The egg weight for the two breeds declined in 
weeks 5 and 10 at high ambient temperature (43 oC) and (41.3 oC) 
respectively, and relative humidity (58.9)% and (72.3) % respectively, 
the mean egg weight which was 51.1 gm and 52.2 gm respectively, of 
Bovan , 51.3 gm and 52.5 gm ,respectively of Hisex White Figure 5.4. 
The results of statistical analysis are shown in Appendix (A39).  
 
 
 
 
 
Figure.5.3. Total egg production of Bovan 
and Hisex White in wet summer
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Figure.5.4 Egg weight of Bovan and Hisex 
White in wet summer
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The data of egg weight indicated that there was no significant 
difference between the two breeds, except in the first and third weeks, in 
which the egg weight was significantly (P<0.05) higher for Bovan (53.2 
gm) compare to the Hisex White (50.1gm). 
5.4.2.3 Egg shell thickness  
Figures .5.5 shows egg shell thickness of laying hens (Bovan and 
Hisex White) in wet summer. The results of statistical analysis are 
shown in Appendix (A40). 
The egg shell thickness for the two breeds declined in weeks 2, 4 
and 10 at high ambient temperature, the eggshell thickness values 
measured were 3.75, 3.77 and 3.85 mm, respectively for the Bovan and 
3.75, 3.85 and 3.85 mm, respectively for the Hisex White. The eggshell 
thickness at low ambient temperature measured were 3.9 mm for the two 
breeds in weeks 6, 7 and 8. 
The egg shell thickness of Bovan and Hisex White during wet 
summer period is exhibited in Figure 5.5. There was no difference 
between the two breeds. 
  
 
 
 
Figure.5.5 Egg shell thickness of Bovan and 
Hisex White in wet summer
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5.4.2.4 Yolk colour  
Figures .5.6 shows yolk colour of laying hens (Bovan and Hisex 
White) in wet summer. The results of statistical analysis are shown in 
Appendix (A41). 
The results of yolk colour of Bovan and Hisex White during wet 
summer period are presented in Figure 5.6.There was no significant 
difference. The yolk colour maintained a steady value of grade three 
during wet summer. 
5.4.3 Rectal temperature (Tr) and respiratory rate (RR)  
The rectal temperature (Tr) values are presented in Figure 5.7. The results of 
statistical analysis are shown in Appendix (A42). The Tr values in the two breeds 
decreased in weeks 3 and 9 to the values of 41.5oC and 41.8oC for the Bovan, 
41.5oC and 41.8oC for the Hisex White, at ambient temperature 34.5 0C and 37oC  
and relative humidity 52.6 and 78.7 %.  
Thereafter in weeks 7 and 11 (Tr ) values increased in the two 
breeds to 41.8oC and 41.97oC  for the Hisex White, 41.86oC and 41.91oC  
for the Bovan, respectively at ambient temperature 42.5oC and 42.7oC  
and relative humidity 71.6 and 70.4%.  The Tr values in Figure 5.7 
shows that there was no significant difference between the two breeds. 
 
 
 
  
Figure.5.6 Yolk colour of Bovan and 
Hisex White in wet summer
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 Figure.5.7 Rectal temperature (Tr) of Bovan and 
Hisex White in wet summer
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The respiratory rate (RR) values of Bovan and Hisex White during production 
period are shown in Figure 5.8. The results of statistical analysis are shown in 
Appendix (A43). 
In  week 3 and 9  the level of  RR decreased in both breeds to the values of 39.2 
breaths /min and 70.2 breaths /min, respectively for the Bovan ,43.6 breaths /min 
and 68.9 breaths /min for the Hisex White, at ambient temperature 34.5 oC and 37 
oC  and relative humidity 52.6 and 78.7 %. In weeks 7 and 11 RR values 
increased in the two breeds. In week 7 RR increased to 101.4 breaths /min in 
Hisex White and 98.1 breaths /min in Bovan. In week 11 RR increased to 103 
breaths /min in Hisex White and 95.8 breaths /min in Bovan.  
The values of RR were increased significantly (P<0.01) higher for the Hisex in 
week 4. In the week 5, however, it was significantly (P<0.01) higher for the 
Bovan.  
5.4.4 Packed cell volume (PCV) and haemoglobin concentration 
(Hb) 
Figure 5.9 shows the packed cell volume (PCV) in laying hens (Bovan 
and Hisex White) in wet summer. The results of statistical analysis are 
shown in Appendix (A44). The value of PCV ranged between 24.6 and 
28.5 for the Bovan, 23.9 and 29.3   for the Hisex White. The results 
revealed that there was no significant difference between the two breeds 
as shown in Figure 5.9. The PCV in the two breeds showed no change 
during wet summer.
  
 
 
Figure.5.8 Respiratory rate (RR) of Bovan 
and Hisex White in wet summer
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Figure.5.9  The packed cell volume (PCV) 
of Bovan 
and Hisex White in wet summer
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Figure 5.10 shows haemoglobin concentration (Hb) in laying hens 
(Bovan and Hisex White) in wet summer. The results of statistical 
analysis are shown in Appendix (A45). The mean value was 12.53 g/dl in 
Bovan and 12.46 g/dl in Hisex White. Hb decreased in weeks 6 and the 
last two weeks in both breeds as shown in Figure 5.10. The haemoglobin 
concentration (Hb) showed no significant different between the two 
breeds.  
5. 4.5 Differential Leukocytes Count (DLC)  
The results of differential leukocytes count are shown in Table 
5.2. The ratio of lymphocytes, heterophils, monocytes, basophils and 
eosinophils revealed no significant difference between the two breeds. In 
week 4 lymphocytes, heterophils, eosinophils and basophils showed no 
significant difference between the two breeds except monocytes, which 
showed a significantly (P<0.05) increase for Bovan. 
Heterophils: Lymphocytes ratio decreased in the two breeds in week 4 and the 
last two weeks as shown in Figure 5.11. The results of statistical analysis are 
shown in Appendix (A46). 
 
 
 
 
 
  
 
 
Figure.5.10 Haemoglobin concentration (Hb) of
Bovan and Hisex White in wet summer
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Table 5.3. Differential Leuckocyte Count (DLC) of Bovan and Hisex 
White laying hens in wet summer 
 
B: Bovan 
H: Hisex White. 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Last Significant Difference. 
Weeks 
2 4 6 8 10 12 
Breeds B H B H B H B H B H B H 
Lymphocytes 
(%)  
50 48.75 48.25 47.5 46.75 47.5 45.75 46.25 49.75 47 48.25 51.25
Heterophils 
(%)  
41.25 41.25 34.5 36.75 36.25 36.75 37.5 35 29.75 30.75 29.25 28.5
Monocytes 
(%) 
7.75 6.25 11* 7.75 8.75 8.75 9.75 9.75 11.75 10.5 9.75 10.5
  Eosinphils  
(%) 
2 3 1.75 2.25 1.75 1.5 2.25 2 2 3.5 3.75 2.5 
  Basophils  
(%) 
1.25 1.5 5 6.5 7 6.75 6.25 6.5 7.25 8.25 8.25 7.5 
  
 
 
 
 
Figure.5.11 Heterophil: lymphocyte ratio of
Bovan and Hisex White in wet summer
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5.4.6 Plasma total protein and albumin concentration 
Figure 5.12 shows plasma total protein concentration in laying 
hens (Bovan and Hisex White) in wet summer. The results of statistical 
analysis are shown in Appendix (A47). The plasma total protein ranged 
between 7.3(g/dl)-7.6 (g/dl) in the Bovan and 7.3(g/dl) -7.5 (g/dl) in the 
Hisex White. Plasma total protein concentration decline to the lower 
values of 7.3 (g/dl) in the Bovan and 7.3 (g/dl) in the Hisex White in 
weeks 8 and 10.Thereafter plasma total protein increase in the last week.     
The results plasma total protein indicates no significant difference 
between the two breeds. 
The results of plasma albumin concentration are presented in 
Figure 5.13. The results of statistical analysis are shown in Appendix 
(A48). The plasma albumin values ranged between 3.4 (g/dl)–3.7 (g/dl) in 
the Bovan and 3.5 (g/dl) -3.7 (g/dl) in the Hisex White. The plasma 
albumin concentration decline to the lower values of 3.4 (g/dl) in the 
Bovan and 3.4 (g/dl) in the Hisex White in weeks 8 and 10 at ambient 
temperature 41.3 oC and 42.3oC, relative humidity 80 and 72.3% 
respectively. Thereafter plasma albumin concentration increased in the 
last week.     
 
 
  
 
Figure.5.12 Plasma total protein concentration
of Bovan and Hisex White in wet summer
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Figure. 5.13 Plasma albumin concentration of 
Bovan and Hisex White in wet summer
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The results of plasma albumin showed no significant difference 
between the two breeds. 
  Plasma total protein and albumin concentrations both of them 
decreased in weeks 8 and 10.  
5.4.7 Plasma glucose concentration  
The results of plasma glucose concentration are presented in 
Figure 5.14. The results of statistical analysis are shown in Appendix 
(A49). The plasma glucose level ranged between 273 (mg/dl) – 186.1 
(mg/dl) in the Bovan and 271.9 (mg/dl) -179.5 (mg/dl) in the Hisex 
White. 
 Plasma glucose concentration in both breeds decreased from the 
initial value of 273 (mg/dl) in Bovan and 271.9 (mg/dl) in Hisex White 
to the value of 186.1 (mg/dl) and 179.5 (mg/dl) respectively in Bovan 
and Hisex White in week 4, at high ambient temperature 42.50C and 
relative humidity 69.14%. Then plasma glucose maintained until week 
10 decreased to 198.7 (mg/dl) and 200.5(mg/dl) respectively in Bovan 
and Hisex at high ambient temperature 42.30C and relative humidity 
72.3% Figure 5.14. 
The data on plasma glucose concentration in wet summer, showed 
no significant difference between the two breeds. 
  
 
 
Figure.5.14 Plasma glucose concentration of 
Bovan and Hisex White in wet summer
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5.4.8 Plasma cholesterol concentration 
The results of plasma cholesterol concentration are presented in 
Figure 5.15 .The results of statistical analysis are shown in Appendix 
(A50). The plasma cholesterol level ranged between 273 (g/dl) – 186.1 
(g/dl) in the Bovan and 271.9 (g/dl) -179.5 (g/dl) in the Hisex White. 
 Plasma cholesterol decreased in week 8 in the two breeds to the 
level of 148.4 mg /dl in Bovan and 150.9 mg /dl in Hisex White and then 
maintained as presented in Figure 5.15. However, plasma cholesterol 
showed no significant difference between the two breeds, except in week 
12, Hisex White was significantly (P<0.01) higher than Bovan, the 
plasma cholesterol value was 202.63 mg /dl in Hisex White and 192.88 
mg /dl in Bovan.  
5.4.9. Plasma minerals: Na, K, P and Ca concentration 
Figure 4.16 shows plasma sodium in laying hens (Bovan and 
Hisex White) during wet summer period. The results of statistical 
analysis are shown in Appendix (A51). The values of plasma Na a ranged 
between 119.3mEq/L and 125.4mEq/L for the Bovan, 119.2mEq/L and  
121.72mEq/L for the Hisex White. 
 
 
 
  
 
 Figure.5.15 Plasma cholesteroconcentraion of 
Bovan and Hisex White in wet summer
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 Figure 5.16 Plasma sodium(Na) concentration 
of Bovan and Hisex White in wet summer
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 Figure 4.17 shows plasma potassium in laying hens (Bovan and 
Hisex White) during wet summer period. The results of statistical 
analysis are shown in Appendix (A52). The values of plasma K a ranged 
between 3.9 mEq/L and 4.6 mEq/L for the Bovan, 4.0 mEq/L and 4.6 
mEq/L for the Hisex White. 
Figure 4.18 shows plasma P in laying hens (Bovan and Hisex 
White) during wet summer period. The results of statistical analysis are 
shown in Appendix (A53). The values of plasma P a ranged between 4.o 
mg/dl and 4.2 mg/dl for the Bovan , 4.0 mg/dl and 4.3 mg/dl for the 
Hisex White.  
Figure 4.19 shows plasma calcium in laying hens (Bovan and 
Hisex White) during wet summer period. The results of statistical 
analysis are shown in Appendix (A54). The values of plasma Ca a ranged 
between 7.4 mg/dl and 7.9 mg/dl for the Bovan, 7.5 mg/dl and 7.9 mg/dl 
for the Hisex White.  
 Plasma Na and K concentration in both breeds decreased in weeks 
6and 10. However in both breeds plasma Ca concentration decreased in 
the two last weeks. 
The plasma Na, K, and Ca concentration showed no significant 
difference between the two breeds (Figure 5.16, 5.17 and 5.19) 
respectively. On the other hand, plasma P concentration was 
significantly (P< 0.05) higher for Hisex White in week 4 (Figure 5.18).  
 
  
 
 
Figure 5.17 Plasma potassium (K) concentration 
of Bovan and Hisex White in wet summer
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 Figure 5.18. Plasma phosphorous (P) concentration
of Bovan and Hisex White in wet summer
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Figure.5.19. Plasma calsium(Ca) concentration
of Bovan and Hisex White in wet summer
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5.5. Discussion 
 This experiment designed to study the productivity and      
performance of Bovan and Hisex White (laying hens) during wet 
summer conditions. 
The results indicate feed that the intake in the two breeds (Bovan 
and Hisex White) decreased in weeks 4 and 5 as ambient temperature 
and relative humidity increased (Table 5.1 and 5.2). The body weight 
decreased in weeks 4 and 5 due to a reduction on feed intake. These 
results are comparable with the finding of May and Lott, (1992) who 
noted that feed intake and body weight were depressed due to exposure 
to high ambient temperature. Kocaman et al. (2006) reported that the 
feed intake and body weight are affected by seasonal changes in thermal 
environment.   
The egg production of the two breeds decreased when ambient 
temperature increased in weeks 5, 8 and 10. Also the egg weight of the 
two breeds decreased in weeks 5 and 10. This could be related to 
decrease in feed intake at high ambient temperature and relative 
humidity (Table 5.1 and 5.2). Heat stress was shown to result in a 
dramatic reduction in feed intake, with a corresponding drop in egg 
production (Tangendjaja and Yoon, 2002). These observations are 
consistent with previous findings reported by Lin et al. (2002), who 
reported that egg production, egg weight and egg shell quality are 
decreased in heat stressed birds. Also Picard et al (1987). found that 
high temperature and relative humidity decreases in egg weight and 
shell weight. There is also a decrease in egg components. Yahav et al. 
(2000), who reported that egg production egg weight, egg shell weight 
and egg shell thickness decreased in hen exposure to high ambient 
temperature and relative humidity (Rh) (60%). 
The egg shell thickness decreased in weeks characterized by high 
ambient temperature. This finding agrees with results reported by Emery 
et al. (1984) high environmental temperature caused reduction in egg 
shell quality. Mashaly et al. (2004) reported that high ambient 
temperature and humidity were reduced feed consumption, body weight 
and have deleterious effect on egg shell quality, egg shell thickness, shell 
strength and specific gravity. Mongin (1968) has noted that the first 
restrictive factor of the shell formation was the Ca and the second factor 
was the carbonate irons, which was observed in egg shell in hot 
weathers, had been caused by a certain decrease in blood CO2 level 
depending on the increases in respiration speed. 
In the present study the breeds hen did not affect yolk colour (Fig 
.5.6) However, the change in yolk colour is mainly influenced by dietary 
composition. Gurbuz et al. (2003) concluded that egg yolk colour lowest 
or highest pigmentation were obtained from the diets additives. 
  The significant increase in body temperature of laying hens 
(Bovan and Hisex White) exposed to high ambient temperature resulted 
in significant increased in respiratory rate (RR) as shown in weeks 7 and 
11. The higher rectal temperature of the hens kept at high ambient 
temperature was attributed to the increased heat gain from the 
surrounding. Similar findings were reported by Bird et al. (2000) who 
observed that the bird's body temperature rises with high ambient 
temperature. The result was also in agreement with Altan et al. (2000) 
who reported that the body temperature of Cobb broiler chicks increased 
during heat stress. Similar findings were previously reported by Hamza 
(1989) who said that marked seasonal changes in Tr in White Leghorn 
and Fayoumi layers under tropical condition in Sudan. Whittow (1986) 
also reported that when the body temperature of the birds rises, the 
respiratory rate frequency reaches a maximal value then it decline. 
Morover, Sykes (1971) reported that evaporative cooling through 
panting is an important means of heat loss in birds. 
The present study indicates no changes in PCV values in the two 
breeds. Similarly, high environmental temperature did not affect PCV 
values Fig.5.9. This result is in agreement with the finding reported by 
Altan et al. (2000) and it is contrary with Mitchell et al. (1992) who 
observed that the PCV values vary with the ambient temperature (39°C) 
at which broiler chicks are reared.  
The Hb concentration in the present study decreased in week 6 
Fig.5.10. This could be attributed to reduction in feed intake associated 
with high ambient temperature. Thermal load is usually associated with 
reduction in feed intake (Veldkamp et al., 2000).  Reduction in feed 
intake could result in decrease in micronutrients (iron, amino acid and 
vitamins) needed for haemoglobin synthesis and erthropioiesis. The 
result are also partially in accordance with the finding of Bedanova  et 
al. (2003) who found that PCV values and Hb levels decrease following 
exposure of birds to  high environmental  temperature.  
The differential leukocytes count in Bovan and Hisex White during 
wet summer showed that heterophils decreased in the last two weeks 11 
and 12, whereas lymphocyts and monocyts were not affected by high 
ambient temperature. The basophils and eosinphils increased in the last 
two weeks in both breeds. However Bedanova et al. (2003) found that 
acute heat stress caused a decrease of heterophils and increased 
basophils. These results disagree with the findings of Altan  et al. ( 
(2000) who reported  that the heat stress significantly reduced 
lymphocytes and monocytes and raised heterophil ratio and basophils, 
whereas the easinophils proportion was not affected. The heterophil: 
lymphocyte ratio in the two breeds during wet summer decreased in the 
fourth week and the last two weeks. This might have been due to increase 
in ambient temperature. This result is agrees with the findings of 
Bedanova et al. (2003) who reported that heterophil :lymphocyte ratio 
gets lower with the increase ambient temperature because moderate 
exposures to most stressors will cause an increase in the number of 
heterophils, the H/L  ratio may used as a stress level indicator.  
The decrease in plasma concentration of total protein and 
albumin during wet summer period in weeks 6 and 8 could be due to 
decrease in feed intake as a result of high ambient temperature. Ueno et 
al. (1978) indicated that the plasma total protein and cholesterol 
concentration changed depending on the increase in environmental 
temperatures in layer hen.  
 The decrease plasma glucose and cholesterol values in weeks 8 
and 10 might be attributed to high ambient temperature (Table 5.1). This 
finding agrees with Arad et al. (1983).who stated that heat stress 
decreased the plasma glucose, total protein, albumin and the cholesterol 
levels and disagree with Ozbey et al. (2004) who observed that the high 
temperature increased the serum glucose, and cholesterol responses to 
be given through adrenal gland against a stress factor . 
 The plasma Na and K levels decreased in weeks 6 and 10 in the 
two breeds (Figs 5.16 and 5.17). This result is similar to Ozbey et al. 
(2004) who suggested that the blood K concentration decreased 
significantly during heat   stress of the Japanese Qualis. 
Plasma P level in laying hens in this study decreased in Bovan in 
week 4 while plasma Ca level decreased during the two last weeks in the 
two breeds. This might be attributed to high environmental temperature 
(42.50C). This result is in agreement with Garlich and Mccormick (1981) 
who reported that Ca and P balance seems to have an affect on survival 
time during periods of acute heat stress.  
CHAPTER SIX 
GENERAL DISCUSSION AND CONCLUSION 
 The studies presented in this thesis evaluated the performance of 
Bovan and Hisex White breeds under tropical environments in Sudan. 
Previous studies by other workers on the environmental physiology of 
poultry have dealt mainly with physiological responses. As the ultimate 
goal is to improve productivity under tropical conditions, measurements 
of production parameters (egg production and quality) were made in 
conjunction with the measurements of thermophysiological parameters.  
The present study was designed to compare the difference in 
productivity of Bovan and Hisex White, during rearing and during the 
production period in dry and wet summer condition. 
 During rearing period laying hens housed at ambient temperature 
ranging between 34°C and 40.5°C, the results showed that feed intake 
and body weight increased with increasing age for the two breeds, Bovan 
and Hisex White. These results are comparable with Urdaneta-Rincon 
and Leeson (2002).who observed that when birds eat more, they have 
greater body weight at market age. Feed intake was consistently 
decreased with increase in environmental temperature, this in turn 
resulted lowered body weight. Feed intake decreased in Hisex White in 
the rearing period extending from the second to fifth and week 12. 
Moreover, the body weight of Hisex decreased in the fifth week. These 
results are comparable with other studies Reece et al. (1972) and Smith 
(1983) who suggested that the hot weather effect of depressed feed 
intake that lead to a reduction in body weight resulting from low feed 
intake. Hens continually adjust their feed intake according to 
environmental temperature. Feed intake and body weight were depressed 
at high ambient temperature (May and Lott, 1992). However, the feed 
intake and body weight of the two breeds during production period (dry 
and wet summer) were not significantly different between the breeds. 
Although, these two parameters decreased as ambient temperature 
increased.  
The rate of egg production and egg weight of Bovan and Hisex 
White increases as age advances .This result similar to Yörük et al. 
(2004). The egg production was lowerd in Hisex White in the first three 
weeks during dry summer. This may probably be related to early start of 
the laying period in Bovan. And in week seventh this was consistent with 
the increased ambient temperature. There as egg weight was decreased in 
Hisex White in the first, fifth, eighth (dry summer), the first and third 
week (wet summer). Under intensive poultry management, both the 
direct and indirect effects of high environmental temperature can change, 
not only the number of eggs produced by hen in a given period, but also 
the egg weight, shell weight and shell thickness. Egg production of 
Bovan and Hisex White decreased with rise of ambient temperature. 
These observations are consistent with previous findings reported by 
Howlider and Rose (1987) who stated that high environmental 
temperature has deleterious effect on growth and production 
performance of poultry.  
 In the current study, the egg shell thickness was similar in both 
breeds, however, it was higher in Bovan in the fifth week (dry summer). 
This was consistent with the increased plasma calcium. The decrease in 
egg shell thickness was partly caused by the decrease in feed intake. 
Calcium and phosphorus, the main constituents of the egg shell were 
significantly decreased in plasma of birds at high ambient temperature. 
Similar findings were previously reported by Lesson and summers, 1991. 
Who suggested that reduction in shell thickness is due to many factors 
that include reduced feed intake. Arad et al. (1981) reported that high 
ambient temperature induced a decrease in total plasma Ca 
concentration. Others study showed that ambient temperature has 
deleterious effect on egg shell quality, egg shell thickness, shell strength, 
proportion of shell and specific gravity (Miller et al., 1975 ; Deandrade 
et al., 1976 ; Arad et al., 1982). 
The rectal temperature (Tr) of the two breeds was increased at 
high ambient temperature. However, higher values were reported for 
Bovan in the second week (rearing period), this might be ascribed to 
decrease in feed intake. Similar findings were reported by Bird et al. 
(2000) who observed that the bird's body temperature rises resulted in a 
reduction in feed intake can be anticipated. Furthermore, Yousif (1985), 
reported that higher rectal temperature of the hens kept at high ambient 
temperature of 40 OC was attributed to the increased heat gain from the 
surrounding.  
The significant increase in body temperature of laying hens Bovan 
and Hisex white exposed to high ambient temperature resulted in a 
significant increased in respiratory rate (RR) as show in the second week 
(rearing peroid). This result is in agreement with Wang et al. (1989) who 
observed that the body temperature increased when the ambient 
temperature rose above 30OC. Moreover, Wang et al. (1989) reported 
that panting is one of the visible responses of poultry during exposure to 
heat stress. This specialized form of respiration dissipates heat by 
evaporative cooling at the surfaces of the mouth and respiratory 
passageways. The increase in respiratory (RR) during exposure to heat 
results mainly from progressive decline in the rate of sensible heat loss 
(radiation, conduction and convection). The rate of sensible heat loss 
depends on the thermal gradient between the body and its surroundings 
(Bird et al.  2000). Similar findings were previously reported by other 
workers (Bourerot et al., 1974; Kohne and Johne 1975; Elhadi and 
Sykes, 1982  and Kassim and Sykes, 1982). They indicated that thermal 
panting in the fowl and other birds increases evaporative cooling and 
thereby enables them to survive in hot climates often with only mild 
degree of hyperthermia.  
In the present study, the packed cell volume (PCV) was not 
affected by high environmental temperature in the two breeds during 
rearing and production period. Similarly, high environmental 
temperature did not affect PCV values. This result agree with Yamamoto 
et al. (1997) and it was in contrary with Zhou et al. (1999) who observed 
that PCV were significant lower  at high ambient temperature. 
 The Hb concentration declined at high ambient temperature. This 
might be due to reduction in feed intake associated with high ambient 
temperature (Veldkamp et al. 2000). Reduction in feed intake could 
result in decrease in micronutrients (iron, amino acid and vitamins) 
needed for haemoglobin and erthropoiesis. 
The leukocytes count of Bovan and Hisex White during the 
production period was not affected by breeds. However, the monocyte 
ratio was higher in the Bovan in the last week in dry summer and in the 
fourth week in wet summer. The easinophils and basophils ratios were 
increased in the last three weeks in both breeds in dry and wet summer. 
Bedanova et al. (2003) found that acute heat stress caused a decrease of 
heterophils and increased basophils. These results were partially in 
agreement with the findings of Altan et al. (2000) who noted the heat 
stress significantly reduced lymphocyte and monocytes and raised 
heterophils ratio and basophils, whereas easinophils proportion was not 
affected. 
The plasma total protein, albumin, glucose and cholesterol 
concentrations were similar for the two breeds and were reduced at high 
ambient temperature. This result is in agreement with Arad et al. (1983), 
who stated that heat stress decreased the blood plasma glucose, total 
protein, albumin and the cholesterol levels changed depending on the 
increase of the environmental temperatures. Ozbey et al. (2004) stated 
that the high temperature reduced the blood serum protein and albumin 
levels. This finding also agrees with Soliman and Huston (1974) have 
also indicated that the plasma cholesterol level decreased significantly at 
high temperatures and disagreed with Ozbey et al. (2004) who found that 
high ambient temperature increased the serum glucose, and cholesterol 
through adrenal gland against a stress factor includes the increase of the 
glycogen depots, higher blood glucose level and the increased glucolise. 
 In the present study, the results of plasma minerals were similar 
in the two breeds and were affected by exposure to high environmental 
temperature. The results are partially in agreement with Ait-Boulahsen et 
al. (1989) who reported that Ca, P and K decreased during high ambient 
temperature and plasma Na increased. Also agreed with Garlich and 
Mccormick (1981) who reported that Ca and P balance seems to have an 
affect on survival time during periods of acute heat stress. These results 
were disagree with the findings reported by Arad and Marder (1983) heat 
stress produced no significant changes in the serum concentration of 
sodium, potassium, chloride and calcium, although serum P declined.  
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APPENDICES 
A3.  Feed intake (g/bird/day) of Bovan and Hisex White in  rearing period 
Breeds 
Weeks Bovan Hisex White LSD 
1 9.04 8.1 1.64ns 
2 12.1 9.3 2.35** 
3 17.3 14.1 2.60* 
4 `19.4 17.7 1.06** 
5 27.8 22.1 3.26** 
6 35.1 34.1 1.48 ns 
7 28.8 28.6 2.25ns 
8 35.6 33.0 10.71ns 
9 37.9 38.1 2.65ns 
10 42.7 38.5 5.27 
11 50.2 49.5 7.12ns 
12 57.3 50.1 5.07* 
13 61.4 60.6 8.71ns 
14 65.3 63.0 9.39ns 
15 66.4 66.1 7.19ns 
16 71.6 71.1 11.92ns 
17 79.8 78.7 9.52ns 
18 84.0 84.6 12.83ns 
19 84.6 83.6 11.05ns 
20 88.8 88.1 14.49ns 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
A4 Body weight (g) of Bovan and Hisex White during rearing period  
Breeds 
Weeks 
Bovan Hisex White LSD 
1 51.3 52.0 6.10ns 
2 79.4 75.9 10.30ns 
3 112.5 101.5 18.39ns 
4 192.5 182.5 21.78ns 
5 247.5 228.0 9.51** 
6 352.5 333.5 25.11ns 
7 348.0 332.5 35.13 ns 
8 426.3 409.3 42.77 ns 
9 545.0 532.0 34.23ns 
10 652.8 625.0 46.21 ns 
11 730.0 690.0 64.35 ns 
12 797.5 821.3 37.67 ns 
13 878.8 871.3 65.98 ns 
14 956.8 945.0 59.63 ns 
15 1058 1047.5 695.51 ns 
16 1120.0 1108.8 45.61 ns 
17 1125.0 1116.3 37.83 ns 
18 1253.8 1188.8 50.31 ns 
19 1342.5 1288.8 66.24 ns 
20 1371.3 1362.6 109.99 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
A5 Rectal temperature (Tr) of Bovan and Hisex White in rearing period 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 39.53 39.83 0.37ns 
2 40.68 41.48 41.80* 
3 41.73 0.77* 0.47ns 
4 41.53 41.80 0.38ns 
5 41.18 41.38 0.37ns 
6 41.23 41.80 0.61ns 
7 41.65 41.76 0.22ns 
8 42.07 42.45 0.71ns 
9 41.25 41.51 0.29ns 
10 41.17 41.27 0.42ns 
11 41.35 41.27 0.21ns 
12 41.35 41.54 0.65ns 
13 41.27 41.36 0.30ns 
14 41.29 41.37 0.33ns 
15 41.38 41.59 0.36ns 
16 41.58 41.80 0.29ns 
17 41.47 41.73 0.28ns 
18 41.70 41.73 0.17ns 
19 41.69 41.83 0.29ns 
20 41.33 41.95 0.32ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Last Significant Difference . 
 
A6 Respiratory rate (RR) of Bovan and Hisex White in rearing period 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 39.10 33.00 4.36** 
2 44.85 53.55 7.52** 
3 55.00 60.50 6.13ns 
4 51.45 50.55 6.64ns 
5 48.70 52.70 5.45ns 
6 48.70 55.10 7.38ns 
7 51.00 54.23 6.93ns 
8 36.70 40.40 7.49ns 
9 49.95 54.20 4.48ns 
10 38.55 45.20 6.95* 
11 39.53 39.98 2.92ns 
12 44.05 43.45 5.09ns 
13 45.25 47.10 3.28ns 
14 44.80 48.37 2.81* 
15 44.65 44.72 4.05ns 
16 45.42 46.60 5.63ns 
17 40.27 44.60 4.08* 
18 42.70 48.30 3.63** 
19 43.95 54.25 6.55* 
20 42.60 43.73 3.17ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A7  Packed cell volume (PCV %) of Bovan and Hisex White in  rearing period 
Breads 
Weeks 
Bovan Hisex White  LSD 
2 26.1 30.0 2.99** 
4 25.8 25.8 1.89 ns 
6 35.5 31.8 4.78 ns 
8 28.3 25.5 5.73 ns 
10 34.5 36.0 5.24 ns 
12 29.8 30.0 4.16 ns 
14 33.5 33.8 2.98 ns 
16 32.5 31.0 2.34 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A8 Haemoglobin concentration (HB) of Bovan and Hisex White in rearing 
period 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 7.35 7.9 2.7 ns 
4 8.04 8.09 2.1 ns 
6 12.83 12.72 1.33 ns 
8 8.96 8.63 1.12 ns 
10 8.38 8.9 1.60 ns 
12 8.86 8.66 1.39 ns 
14 11.13 12.41 2.00 ns 
16 15.72 14.08 1.50* 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A9 Plasma total protein concentration of Bovan and Hisex White in rearing 
period 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 6.155 6.0875 0.10 ns 
4 6.5 6.505 0.10 ns 
6 6.5825 6.6825 0.10 ns 
8 6.55 6.555 0.16 ns 
10 6.7225 6.73 0.08 ns 
12 6.94 6.915 013 ns 
14 7.15 7.125 0.13 ns 
16 7.175 7.175 0.08 ns 
 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A10  Plasma  albumin concentration of Bovan and Hisex White in rearing period 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 2.7125 2.69 0.11ns 
4 2.69 2.78 0.16ns 
6 2.755 2.8325 0.07* 
8 2.6125 2.665 0.25ns 
10 2.865 2.83 0.14ns 
12 3.015 2.965 0.13ns 
14 3.1925 3.15 0.13ns 
16 3.225 3.27 0.12ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A11 Plasma glucose concentration (mg/dl) of Bovan and Hisex White in Rearing 
period  
Breeds 
Weeks 
Bovan Hisex White LSD 
2 125.0 132.0 33.41 ns 
4 125.2 151.0 24.43ns 
6 130.5 126.5 20.00 ns 
8 100.4 135.4 28.79** 
10 186.8 152.8 28.92 ns 
12 175.5 169.2 25.10 ns 
14 216.3 241.8 21.44* 
16 198.6 186.0 20.1 ns 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A12 Plasma cholesterol concentration (g/dl) of Bovan and Hisex White in rearing 
period 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 0.185 0.185 0.06 ns 
4 2.53 2.54 0.47 ns 
6 8.14 7.6725 0.58. ns 
8 75.08 71.99 8.67 ns 
10 72.498 71.308 7.53 ns 
12 91.725 92.573 6.09 ns 
14 119.33 108.33 3.95** 
16 227.25 233 6.02ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
 
 
 
 
  
 
 
A13 Plasma sodium (Na) concentration of Bovan and Hisex White in rearing 
period 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 113.15 115.48 2.99 ns 
4 120.39 119.65 1.27 ns 
6 120.8 119.5 1.94 ns 
8 119.92 119.98 1.75 ns 
10 120.58 120.99 2.41 ns 
12 123.33 122.89 1.56 ns 
14 124.5 124.88 2.46 ns 
16 126.33 127.25 0.75 * 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A14 Plasma Potassium (K) concentration of Bovan and Hisex White in rearing 
period  
Breeds 
Weeks 
Bovan Hisex White LSD 
2 3.2075 3.2075 0.14 ns 
4 3.255 3.265 0.11 ns 
6 3.275 3.265 .010 ns 
8 3.39 3.355 0.36 ns 
10 3.305 3.3875 0.21 ns 
12 3.6825 3.7875 0.14 ns 
14 4.0575 3.99 0.20 ns 
16 4.0575 4.125 0.10 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
 
  
 
 
A15 Plasma Phosphorus (P) concentration of Bovan and Hisex White in rearing 
period 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 3.5725 3.43 0.17ns 
4 3.525 3.515 0.17ns 
6 3.5225 3.565 0.15ns 
8 3.815 3.74 0.32ns 
10 3.62 3.63 0.21ns 
12 3.7825 3.77 0.16ns 
14 3.905 3.99 0.13ns 
16 4.25 4.175 0.14ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A16 Plasma calcium (Ca) concentration of Bovan and Hisex in rearing period 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 7.1225 7.1225 0. 09 ns 
4 7.175 7.1075 0. 06* 
6 7.17 7.1825 0.08 ns 
8 7.235 7.2125 0.23 ns 
10 7.3 7.3225 0.13 ns 
12 7.425 7.525 0.19 ns 
14 7.2125 7.1825 0.17 ns 
16 7.8 7.75 0.07 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A17 Feed intake (gm/bird/day) of Bovan and Hisex White in dry summer 
production period  
 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 91.45 90.97 0.71ns 
2 98 97.7 2.36ns 
3 100.3 100 0.29ns 
4 103 103.3 3.37ns 
5 97.04 90.72 2.3ns 
6 89.6 89.4 1.77ns 
7 72.76 70.2 1.03ns 
8 78.8 76.5 1.23ns 
9 89.5 89.2 0.83ns 
10 97.04 95.24 1.16ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
 
 
 
 
 
A18 Body weight (g) of Bovan and Hisex White in dry summer period 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 1364 1360 101.7 ns 
2 1435 1423 79.1 ns 
3 1425 1415 14.6 ns 
4 1488 1470 78.3 ns 
5 1405 1315 140.2 ns 
6 1308 1285 91.8 ns 
7 1362 1326 68.5 ns 
8 1372 1353 68.4 ns 
9 1390 1369 100.3 ns 
10 1346 1319 72.0 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference. 
 
  
 
 
A19  Total egg production (%) in Bovan and Hisex White in dry summer   
Breeds 
Weeks 
Bovan Hisex White LSD 
1 0.83 0.50 0.23* 
2 3.05 2.18 0.37** 
3 5.06 4.13 0.79* 
4 6.33 5.73 0.62 ns 
5 6.53 6.60 0.92 ns 
6 6.85 6.25 0.79 ns 
7 4.25 35.0 0.65* 
8 5.20 4.43 0.98 ns 
9 5.70 6.25 1.35 ns 
10 5.75 5.68 0.89 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A20  Egg weight (g) in Bovan and Hisex White per hen/week in dry summer 
Breeds 
Weeks 
Bovan Hisex White  LSD 
1 42.5 39.6 1.92* 
2 44.0 43.4 1.16 ns 
3 47.0 45.8 2.18ns 
4 48.5 47.5 1.75ns 
5 50.5 49.3 1.16* 
6 50.8 49.4 1.48ns 
7 48.9 47.2 2.22ns 
8 50.3 48.3 1.59* 
9 52.0 51.7 1.23ns 
10 53.3 52.1 0.91ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference. 
 
  
 
 
A21  Egg shell thickness  of Bovan and Hisex White in dry summer  
Breeds 
Weeks 
Bovan Hisex White LSD 
1 2.5 2.5 0. ns 
2 2.65 2.6 0.19 ns 
3 2.97 2.92 0.13 ns 
4 3.1 3 0.14 ns 
5 3.5 3.42 0.06* 
6 3.6 3.45 0.27 ns 
7 3.57 3.55 0.17 ns 
8 3.62 3.65 0.28 ns 
9 3.7 3.6 0.24 ns 
10 3.77 3.72 0.13 ns 
 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A22 Yolk colour of Bovan and Hisex White in dry summer  
Breeds 
Weeks 
Bovan Hisex White LSD 
1 2 2 0.0 ns 
2 2 2 0.0 ns 
3 3 3 0.0 ns 
4 3 3 0.0 ns 
5 3 3 0.0 ns 
6 3 3 0.0 ns 
7 3 3 0.0 ns 
8 3 3 0.0 ns 
9 3 3 0.0 ns 
10 3 3 0.0 ns 
 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A23 Rectal temperature (Tr) of Bovan and Hisex White in dry summer 
period 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 41.77 41.80 0.09ns 
2 41.68 41.67 0.13ns 
3 41.162 41.64 0.07ns 
4 41.74 41.72 0.26ns 
5 41.66 4.67 0.09ns 
6 41.72 41.59 0.25ns 
7 42.42 42.3 0.36ns 
8 41.79 41.80 0.26ns 
9 41.87 41.78 0.19 ns 
10 41.79 41.80 0.15 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A24 Respiratory rate (RR) of Bovan and Hisex White in dry summer  
period 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 75.68 82.76 6.39ns 
2 62.52 61.20 6.42ns 
3 78.33 72.66 6.32ns 
4 58.52 56.89 4.50 ns 
5 56.76 55.42 4.13 ns 
6 50.02 45.97 5.26ns 
7 155.62 144.16 14.34ns 
8 61.15 59.52 8.41ns 
9 86.72 5.62 7.19** 
10 72.72 67.80 5.68* 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
 
A25 Packed cell volume (PCV %) of Bovan and Hisex White in dry summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 29.45 29   1.65 ns 
4 28.75 28.55    1.78 ns 
6 30.15 28.85   2.00 ns 
8 29.35 28.8     1.12 ns 
10 27.55 27.42   1.23 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
 
 
 
                
 
  
 
 
 
 A26 Haemoglobin concentration (HB) of Bovan and Hisex White in dry summer 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 12.5 12.3 0.80 ns 
4 12.22 11.9 0.89 ns 
6 12.52 12.4 1.48 ns 
8 11.92 11.95 1.62 ns 
10 11.37 12.42 1.97 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference. 
 
  
 
 
A27 Heterophils: lymphocytes ratios of  Bovan and Hisex White in dry summer 
 Breeds 
Heterophil: 
Lymphocytes 
LSD 
Bovan 0.83 
2 
Hisex White  0.71 
0.20 ns 
Bovan 0.8 
4 
Hisex White  0.8 
0.23 ns 
Bovan 0.87 
6 
Hisex White  0.79 
0.17 ns 
Bovan 0.64 
8 
Hisex White  0.77 
0.17 ns 
Bovan 0.82 
10 
Hisex White  0.76 
0.20 ns 
 
B: Bovan 
H: Hisex White. 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
 
A28 Plasma total protein concentration (g/dl) of Bovan and Hisex White in dry 
summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 7.8 7.765 0.12 ns 
4 7.4975 7.5875 0.14 ns 
6 7.1875 7.25 0.44 ns 
8 7.2625 7.375 0.28 ns 
10 7.615 7.665 0.14 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
A29 Plasma albumin concentration (g/dl) of Bovan and Hisex White in dry 
summer 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 3.8125 3.7825 0.12 ns 
4 3.565 3.59 0.10 ns 
6 3.325 3.2625 0.29 ns 
8 3.495 3.4125 3.68 
10 3.68 0.25 ns 0.16 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
 
 
 
 
 
A30 Plasma glucose concentration (g/dl) of Bovan and Hisex White in dry 
summer 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 232.02 233.31 8.36 ns 
4 185.47 190.23 32.47 ns 
6 166.29 157.177 11.02 ns 
8 165.77 158.85 12.41 ns 
10 204.62 203.05 17.33 ns 
 
NS: NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
 
A31 Plasma cholesterol concentration (g/dl) of Bovan and Hisex White in  dry 
summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 204.08 195.35 28.35 ns 
4 212.23 197.98 14.46 ns 
6 145.38 138.46 13.80 ns 
8 140.49 140.04 8.05 ns 
10 192.57 192.82 3.27 ns 
 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
 
A32 Plasma sodium (Na) concentration of Bovan and Hisex White in dry 
summer 
Breeds 
Weeks 
Bovan Hisex White  LSD 
2 126.57 127.42 3.13 ns 
4 129.38 125.78 1.60 ns 
6 124.92 127 3.14 ns 
8 125.75 126.87 2.11 ns 
10 125.58 126.9 2.13 ns 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
 
  
 
 
 
 
A33 Plasma (K) concentration of Bovan and Hisex White in dry summer 
Breeds 
Weeks 
Bovan Hisex White  LSD 
2 4.19 4.1325 0.15 ns 
4 4.0875 4.1025 0.13 ns 
6 4.1375 4.275 0.50 ns 
8 4.075 4.35 0.37 ns 
10 4.1875 4.195 0.12 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
 
A34 Plasma (P) concentration of Bovan and Hisex White in dry summer 
Breeds 
Weeks 
Bovan Hisex White  LSD 
2 4.0375 4.05 0.25 ns 
4 4.0775 4.0525 0.14 ns 
6 4.1125 4.15 0.10 ns 
8 4.2 4.2375 0.17 ns 
10 4.05 4.025 0.20 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
 
A35 Plasma calcium (Ca) concentration of Bovan and Hisex White in dry 
summer 
Breeds 
Weeks 
Bovan Hisex White  LSD 
2 7.755 7.7425 0.16 ns 
4 7.4975 7.435 0.12 ns 
6 8.175 8.0625 0.11* 
8 6.815 7.5325 1.18 ns 
10 8.2375 8.15 0.13 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A36 Feed intake (g/bird/day) of Bovan and Hisex White in wet summer 
period 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 91.71 94.07 18.48ns 
2 93.41 96.13 11.91ns 
3 93.98 98.65 9.15ns 
4 80.65 82.93 10.22ns 
5 80.94 87.76 10.22ns 
6 90.72 97.04 11.57ns 
7 87.41 89.20 11.90ns 
8 87.97 89.95 8.90ns 
9 89.22 89.84 8.92ns 
10 86.54 87.08 8.31ns 
11 88.55 91.46 8.94ns 
12 88.86 95.43 13.94ns 
  
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A37 Body weight (g) of Bovan and Hisex White  in wet summer period.  
Breeds 
Weeks 
Bovan Hisex White  LSD 
1 1272 1268 93.0ns 
2 1319 1216 164 ns 
3 1355 1311 62.0 ns 
4 1352 1290 78.9 ns 
5 1337 1306 56.3 ns 
6 1369 1345 60.8 ns 
7 1388 1352 74.7 ns 
8 1402 1357 80.1 ns 
9 1408 1361 71.2 ns 
10 1406 1376 76.5 ns 
11 1413 1359 61.7 ns 
12 1429 1393 57.6 ns 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A38.  Total egg production (%) of Bovan and Hisex White in wet summer 
period  
Breeds 
Weeks 
Bovan Hisex White LSD 
1 5.95 5.43 1.53ns 
2 5.48 5.95 0.56ns 
3 6.13 6.00 1.16ns 
4 6.10 6.50 0.82 ns 
5 5.45 6.05 0.52 ns 
6 5.85 6.05 0.84 ns 
7 5.95 5.85 0.87 ns 
8 5.60 5.80 0.68 ns 
9 5.80 5.95 1.39 ns 
10 5.73 5.60 0.94 ns 
11 5.53 5.78 0.92 ns 
12 5.73 6.23 0.87 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A39  Egg weight (g) in Bovan and Hisex White in wet summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 50.1 48.6 1.47* 
2 49.5 50.4 3.01ns 
3 53.2 50.1 2.43* 
4 52.9 50.9 2.91 ns 
5 51.1 51.3 2.32 ns 
6 52.7 54.0 3.75 ns 
7 54.9 53.7 2.84 ns 
8 55.1 53.4 2.44 ns 
9 54.7 54.5 2.40 ns 
10 52.2 52.5 2.49 ns 
11 55.3 53.3 2.81 ns 
12 57.7 54.3 4.36 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A40  Egg shell thickness  of Bovan and Hisex White in wet summer  
 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 3.8 3.77 0.06. ns 
2 3.75 3.75 0.14 ns 
3 3.85 3.82 0.09 ns 
4 3.77 3.75 0.09 ns 
5 3.8 3.77 0.06 ns 
6 3.85 3.87 0.09 ns 
7 3.9 3.87 0.06 ns 
8 3.9 3.85 0.07 ns 
9 3.9 3.9 0.0 ns 
10 3.85 3.85 0.10 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A41 Yolk colour  of Bovan and Hisex White in wet summer  
 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 3 3 0.0 ns 
2 3 3 0.0 ns 
3 3 3 0.0 ns 
4 3 3 0.0 ns 
5 3 3 0.0 ns 
6 3 3 0.0 ns 
7 3 3 0.0 ns 
8 3 3 0.0 ns 
9 3 3 0.0 ns 
10 3 3 0.0 ns 
11 3 3 0.0 ns 
12 3 3 0.0 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
A42    Rectal temperature (Tr) of Bovan and Hisex White in wet summer 
period  
       Breeds 
Weeks 
Bovan Hisex White LSD 
1 41.54 41.62 0.12ns 
2 41.58 41.61 0.08ns 
3 41.54 41.55 0.12ns 
4 41.62 41.65 0.12ns 
5 41.70 41.60 0.18ns 
6 41.78 41.77 010ns 
7 41.86 41.88 0.15ns 
8 41.82 41.82 0.15ns 
9 41.78 41.79 0.19ns 
10 41.83 41.88 0.12ns 
11 41.91 41.97 0.15ns 
12 41.88 41.92 0.13ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
A43 Respiratory rate (RR) of Bovan and Hisex White in wet summer 
period  
 
Breeds 
Weeks 
Bovan Hisex White LSD 
1 50.2 51.5 2.66 ns 
2 44.7 17.6 2.11 ns 
3 39.2 43.6 3.18 ns 
4 50.3 62.0 6.76 ** 
5 61.1 50.6 4.30** 
6 56.3 68.8 5.30ns 
7 98.1 101.4 7.66ns 
8 77.6 76.0 4.28ns 
9 70.2 68.9 3.88ns 
10 70.1 72.6 4.34ns 
11 95.8 103.0 6.62ns 
12 76.6 82.0 6.08ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A44 Packed cell volume (PCV%) of Bovan and Hisex White in wet summer 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 24.6 23.85 1.76 ns 
4 28.05 29.25 2.17 ns 
6 27.95 26.65 2.20 ns 
8 27.92 27.82 2.45 ns 
10 27.35 26.9 1.52 ns 
12 26.65 27.85 1.85 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A45 Haemoglobin concentration (HB) of Bovan and Hisex White in  wet summer  
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 12.84 12.47 1.62 ns 
4 11.9 12.45 2.49 ns 
6 10.75 10.82 4.00 NS 
8 15.34 14.74 1.49 NS 
10 12.22 12.42 1.46 NS 
12 12.17 11.9 4.14 NS 
 
NS: Not Significant 
*: Significant at P < 0.05. 
**: Significant at P < 0.01. 
LSD: Least Significant Difference. 
 
  
 
A46 Heterophils: lymphocytes ratios of Bovan and Hisex White in  wet summer 
 Breeds 
Heterophil: 
Lymphocytes 
LSD 
Bovan 0.83 
2 
Hisex White  0.85 
0.14 ns 
Bovan 0.72 
4 
Hisex White  0.78 
0.20 ns 
Bovan 0.78 
6 
Hisex White  0.78 
0.19 ns 
Bovan 0.82 
8 
Hisex White  0.76 
0.16 ns 
Bovan 0.6 
10 
Hisex White  0.66 
0.07 ns 
Bovan 0.61 
12 
Hisex White  0.56 
0.19 ns 
 
B: Bovan 
H: Hisex White. 
NS: Not Significant 
*: Significant at P < 0.05. 
**: Significant at P < 0.01. 
LSD: Least Significant Difference. 
 
  
 
 
 
A47 Plasma total protein concentration of Bovan and Hisex White in wet 
summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 7.375 7.5225 0.19 ns 
4 7.5475 7.515 o.20 ns 
6 7.5075 7.54 0.13 ns 
8 7.2625 7.3325 0.24 ns 
10 7.275 7.345 0.17 ns 
12 7.5575 7.4725 0.21 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference. 
 
  
 
 
 
A48 Plasma albumin concentration of Bovan and Hisex White in wet summer  
Breeds 
Weeks 
Bovan Hisex White LSD 
2 3.55 3.525 0.12ns 
4 3.635 3.69 0.18ns 
6 3.62 3.65 0.15ns 
8 3.3575 3.3975 0.29ns 
10 3.4125 3.45 0.08ns 
12 3.6875 3.6225 0.13ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A49 Plasma glucose concentration (g/dl) of Bovan and Hisex White in wet 
summer 
 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 273 271.87 19.90 ns 
4 186.06 179.46 26.25 ns 
6 206.4 203.65 18.23 ns 
8 215.61 209.77 44.81 ns 
10 198.7 200.45 35.72 ns 
12 206.55 202.68 14.08 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A50 Plasma cholesterol concentration (g/dl) of Bovan and Hisex White in wet 
summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 185.25 187.18 3.29 ns 
4 198.47 200.4 6.42 ns 
6 206.55 202.83 8.50 ns 
8 148.42 150.88 11.90ns 
10 203.98 205.8 11.07 ns 
12 192.88 202.63 6.11** 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A51 Plasma sodium (Na) concentration Bovan and Hisex White in wet summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 123.075 124 4.61
ns 
4 125.4 125.3 2.30
ns 
6 119.325 119.15 1.31
ns 
8 123.225 121.405 2.80
ns 
10 119.65 119.95 0.93
ns 
12 121.245 121.72 1.58
ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A52 Plasma potassium (K) concentration Bovan and Hisex White in wet summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 4.3 4.3 0.10 ns 
4 4.63 4.5725 0.16 ns 
6 3.965 3.94 0.11ns 
8 4.3975 4.365 0.20 ns 
10 3.98 3.965 0.20 ns 
12 3.995 4.015 0.17 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
A53 Plasma phosphorus (P) concentration of Bovan and Hisex White in wet 
summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 3.975 4 0.15 ns 
4 4.0475 4.2725 0.20* 
6 4.145 4.1875 0.07 ns 
8 4.1575 4.0725 0.12 ns 
10 4.1575 4.23 0.19 ns 
12 4.1975 4.22 0.07 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
  
 
 
 
 
A54 Plasma (Ca) concentration of Bovan and Hisex White in wet summer 
Breeds 
Weeks 
Bovan Hisex White LSD 
2 7.4 7.45 0.17 ns 
4 7.8225 7.58 0.16 ns 
6 7.82 7.58 0.19 ns 
8 7.915 7.73 0.53 ns 
10 7.79 7.875 0.15 ns 
12 7.705 7.8475 0.16 ns 
 
NS: Not Significant 
*: Significant  at P < 0.05. 
**: Significant  at P < 0.01. 
LSD: Least Significant Difference . 
 
 
 
 
 
 
 
 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
ﺒﻭﻓﺎﻥ ﻭﻫﺎﻴﺴﻜﺱ )ﻓﻲ ﺩﺠﺎﺝ ﺒﻴﺎﺽ ﻠﻰ ﺜﻼﺜﺔ ﻤﺭﺍﺤل ﺔ ﻁﻭﻴﻠﺔ ﺘﻤﺕ ﻋﺃﺠﺭﻴﺕ ﺘﺠﺭﺒ
ﺴﻼﻻﺕ ﺃﺠﻨﺒﻴﺔ ﻟﻤﻌﺭﻓﺔ ﻭﻤﻘﺎﺭﻨﺔ ﺍﻟﺨﺼﺎﺌﺹ ﺍﻟﻔﻴﺴﻴﻭﻟﻭﺠﻴﻪ ﻟﻬﺎ ﻭﺇﻨﺘﺎﺠﻴﺘﻬﺎ ﺒﻴﻥ ﺍﻟﺴﻼﻟﺘﻴﻥ ( ﻭﺍﻴﺕ
ﺘﻡ ﺘﻭﺯﻴﻊ ﺍﻟﺩﺠﺎﺝ ﻋﺸﻭﺍﺌﻴﺎ ﻓﻲ ( ﺍﻟﺼﻴﻑ ،ﺍﻟﺨﺭﻴﻑ)ﻓﻲ ﻜل ﻤﻥ ﻓﺘﺭﺓ ﺍﻟﻨﻤﻭ ﻭﻓﺘﺭﺘﻲ ﺍﻹﻨﺘﺎﺝ 
ﻴﺘﻬﺎ ﺒﻌﻼﺌﻕ ﺘﺭﻜﻴﺒﺘﻬﺎ ﺜﺎﺒﺘﺔ، ﻓﻲ ﻓﺘﺭﺓ ﺘﻡ ﺘﻐﺫ( ﺸﻤﺒﺎﺕ)ﺒﻁﺎﺭﻴﺔ ﺒﺤﻅﻴﺭﺓ ﻤﻔﺘﻭﺤﺔ ﺒﺠﺎﻤﻌﺔ ﺍﻟﺨﺭﻁﻭﻡ 
 %14.0 ﻻﻴﺴﻴﻥ،% 1ﺒﺭﻭﺘﻴﻥ ﺨﺎﻡ، % 02  ﻜﻴﻠﻭ ﻜﻠﺭﻱ،0582 ﻁﺎﻗﺔ) ﺍﻟﻨﻤﻭ ﺘﺘﻜﻭﻥ ﻤﻥ
ﻭﻓﻲ ﻓﺘﺭﺓ ﺍﻹﻨﺘﺎﺝ ﺘﺘﻜﻭﻥ ( ﻓﺴﻔﻭﺭ%7.0ﻜﺎﻟﺴﻴﻭﻡ ﻭ%1 ﺩﻫﻭﻥ،%4 ﻓﺎﻴﺒﺭ ﺨﺎﻡ،% 4ﻤﻴﺜﻭﻨﻴﻥ، 
% 5ﻤﻴﺜﻭﻨﻴﻥ، %54.0 ﻻﻴﺴﻴﻥ،% 7.0ﺒﺭﻭﺘﻴﻥ ﺨﺎﻡ، % 2.71  ﻜﻴﻠﻭ ﻜﻠﺭﻱ،0582) ﻤﻥ ﻁﺎﻗﺔ
ﺘﻡ ﻗﻴﺎﺱ ﻜل ﻤﻥ ﻜﻤﻴﺔ ﺍﻟﻌﻠﻑ (. ﻓﺴﻔﻭﺭ %5.0ﻜﺎﻟﺴﻴﻭﻡ ﻭ %26.3 ﺩﻫﻭﻥ ،%5.3 ﺎﻴﺒﺭ ﺨﺎﻡ،ﻓ
ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻟﻭﺯﻥ، ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﺠﺴﻡ، ﻤﻌﺩل ﺍﻟﺘﻨﻔﺱ، ﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ، ﻭﺯﻥ  ﺍﻟﻤﺴﺘﻬﻠﻜﺔ،
  .ﺍﻟﺒﻴﺽ، ﺴﻤﻙ ﻗﺸﺭﺓ ﺍﻟﺒﻴﺽ، ﻟﻭﻥ ﺍﻟﺼﻔﺎﺭ، ﺘﺤﻠﻴل ﺍﻟﺩﻡ ﻭﺍﻟﺒﻼﺯﻤﺎ
ﻼﻑ ﻓﻲ ﻜﻤﻴﺔ ﺍﺴﺘﻬﻼﻙ ﺍﻟﻌﻠﻴﻘﻪ  ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻷﻭﻟﻰ ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻨﻪ ﻻ ﻴﻭﺠﺩ ﺍﺨﺘ
ﺒﻴﻥ ﺍﻟﺴﻼﻟﺘﻴﻥ ﻓﻴﻤﺎ ﻋﺩﺍ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻲ،ﺍﻟﺜﺎﻟﺙ،ﺍﻟﺭﺍﺒﻊ، ﺍﻟﺨﺎﻤﺱ ﻭﺍﻟﺜﺎﻨﻲ ﻋﺸﺭ ﺍﺯﺩﺍﺩ 
ﺍﺴﺘﻬﻼﻙ ﺍﻟﻌﻠﻴﻘﻪ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﺃﻤﺎ ﺒﻘﻴﺔ ﺍﻷﺴﺎﺒﻴﻊ ﻟﻡ ﺘﺴﺠل ﺍﺨﺘﻼﻑ ﺒﻴﻥ ﺍﻟﺴﻼﻟﺘﻴﻥ ﻭﻜﺫﻟﻙ ﺍﻟﺯﻴﺎﺩﺓ 
ﺃﻤﺎ ﺒﺎﻟﻨﺴﺒﺔ ﻟﺩﺭﺠﺔ . ﻭﻓﺎﻥﻓﻲ ﺍﻟﻭﺯﻥ ﻓﻴﻤﺎ ﻋﺩﺍ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺨﺎﻤﺱ ﻜﺎﻨﺕ ﻫﻨﺎﻙ ﺯﻴﺎﺩﺓ ﻓﻲ ﻭﺯﻥ ﺍﻟﺒ
ﺤﺭﺍﺭﺓ ﺍﻟﺠﺴﻡ ﻋﻠﻲ ﻁﻭل ﻓﺘﺭﺓ ﺍﻟﻨﻤﻭ ﻻ ﻴﻭﺠﺩ ﺍﺨﺘﻼﻑ ﻓﻴﻤﺎ ﻋﺩﺍ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻲ ﺍﺯﺩﺍﺩﺕ ﺩﺭﺠﺔ 
ﺤﺭﺍﺭﺓ ﺍﻟﻬﺎﻴﺴﻜﺱ ﻭﻜﺫﻟﻙ ﻤﻌﺩل ﺍﻟﺘﻨﻔﺱ ﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻷﻭل ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﻭﻓﻲ ﺍﻷﺴﺒﻭﻉ 
ﺍﻟﻬﺎﻴﺴﻜﺱ ﻋﻥ ﺍﻟﺜﺎﻨﻲ،ﺍﻟﻌﺎﺸﺭ، ﺍﻟﺭﺍﺒﻊ ﻋﺸﺭ، ﺍﻟﺴﺎﺒﻊ ﻋﺸﺭ ﻭﺍﻟﺘﺎﺴﻊ ﻋﺸﺭ ﺍﺯﺩﺍﺩ ﻤﻌﺩل ﺍﻟﺘﻨﻔﺱ ﻓﻲ 
ﻭﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﺒﻴﻥ ﻻ ﻴﻭﺠﺩ ﺍﺨﺘﻼﻑ ﻓﻴﻬﻤﺎ ﺒﻴﻥ ( VCP)ﺒﺎﻟﻨﺴﺒﺔ ﻟﻜﺒﻭﺱ ﺍﻟﺩﻡ . ﺍﻟﺒﻭﻓﺎﻥ
 
ﺩﺍﺩ ﺘﺭﻜﻴﺯ ﺯ ﺍﻟﺩﻡ ﻓﻲ ﺍﻟﻬﺎﻴﺴﻜﺱ ﻋﻥ ﺍﻟﺒﻭﻓﺎﻥ ﻭﺍﻜﺒﻭﺱﺩﺍﺩ ﺯﺍﻟﺴﻼﻟﺘﻴﻥ ﻓﻴﻤﺎ ﻋﺩﺍ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻲ ﺍ
 ﺃﻤﺎ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻭﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻓﻲ ﺍﻟﺴﺎﺩﺱ ﻋﺸﺭﺍﻟﻬﻴﻤﻭﻗﻠﺒﻴﻥ ﻓﻲ ﺍﻟﻬﺎﻴﺴﻜﺱ ﻓﻰ ﺍﻻﺴﺒﻭﻉ 
. ﺍﻟﺒﻼﺯﻤﺎ ﻓﻼ ﻴﻭﺠﺩ ﻓﺭﻕ ﺒﻴﻨﻬﻤﺎ ﻤﺎﻋﺩﺍ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺴﺎﺩﺱ ﻴﺯﺩﺍﺩ ﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻓﻲ ﺍﻟﻬﺎﻴﺴﻜﺱ
ﺍﻟﺠﻠﻭﻜﻭﺯ ﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺜﺎﻤﻥ ﻭﺍﻟﺭﺍﺒﻊ ﻋﺸﺭ ﻓﻲ ﺍﻟﻬﺎﻴﺴﻜﺱ ﻭﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺜﺎﻨﻲ 
ﻋﺸﺭ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﻭﺍﻟﻜﻠﺴﺘﺭﻭل ﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺭﺍﺒﻊ ﻋﺸﺭ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﺒﺎﻟﻨﺴﺒﺔ ﻟﺘﺭﻜﻴﺯ 
ﻻ ﻴﻭﺠﺩ ﻓﺭﻕ ﺒﻴﻨﻬﻤﺎ ﻤﺎﻋﺩﺍ ( ﺼﻭﺩﻴﻭﻡ، ﺒﻭﺘﺎﺴﻴﻭﻡ ،ﻓﺴﻔﻭﺭ ﻭﻜﺎﻟﺴﻴﻭﻡ)ﺒﺭﻯ ﻓﻲ ﺍﻟﺩﻡ ﺍﻟﻤﻌﺎﺩﻥ ﺍﻟﻜ
ﺍﻟﺼﻭﺩﻴﻭﻡ ﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻟﻬﺎﻴﺴﻜﺱ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺴﺎﺩﺱ ﻋﺸﺭ ﻭﺍﻟﻜﺎﻟﺴﻴﻭﻡ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﻓﻲ ﺍﻷﺴﺒﻭﻉ 
  .ﺍﻟﺭﺍﺒﻊ
 73C°ﻜﺎﻨﺕ ﺩﺭﺠﺔ ﺍﻟﺤﺭﺍﺭﺓ ﺘﺘﺭﺍﻭﺡ ﺒﻴﻥ( ﺍﻟﺼﻴﻑ) ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻨﻴﺔ ﻓﺘﺭﺓ ﺍﻹﻨﺘﺎﺝ  
ﺯﻥ ﺍﻟﺠﺴﻡ ﻭﺩﺭﺠﺔ  ﺃﻋﻼﻫﺎ ﻭﺃﻜﺩﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ ﻤﻌﺩل ﺍﺴﺘﻬﻼﻙ ﺍﻟﻌﻠﻴﻘﺔ ﻭﺍﺯﺩﻴﺎﺩ ﻭ64C°ﺃﺩﻨﺎﻫﺎ ﻭ 
ﺍﻟﻜﻠﺴﺘﺭﻭل، ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻓﻲ  ﺠﻠﻭﻜﻭﺯ، ﺒﻴﻥ،ﻭﻠﻗﺘﺭﻜﻴﺯ ﻫﻴﻤﻭ ﻜﺒﻭﺱ ﺍﻟﺩﻡ، ،ﺤﺭﺍﺭﺓ ﺍﻟﺠﺴﻡ
ﺍﻟﺒﻼﺯﻤﺎ ﻭﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻻ ﺘﻭﺠﺩ ﻓﺭﻭﻕ ﺒﻴﻨﻬﻡ ﻓﻲ  ﺍﻟﺴﻼﻟﺘﻴﻥ ﻭﻜﺫﻟﻙ ﻤﻌﺩل ﺍﻟﺘﻨﻔﺱ ﺍﺯﺩﺍﺩ ﻓﻘﻁ  ﻓﻲ 
ﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ ﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﻓﻲ ﺍﻷﺴﺎﺒﻴﻊ ﺍﻟﺜﻼﺜﺔ ﺃﻤﺎ . ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﺒﻭﻓﺎﻥ ﺍﻷﺴﺒﻭﻋﻴﻥ ﺍﻷﺨﻴﺭﻴﻥ
ﺍﻷﻭﻟﻲ ﻭﺍﻷﺴﺒﻭﻉ ﺍﻟﺴﺎﺒﻊ ﻭﺍﺯﺩﺍﺩ ﻭﺯﻥ ﺍﻟﺒﻴﺽ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻷﻭل ﻭﺍﻟﺨﺎﻤﺱ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﻭﺍﺯﺩﺍﺩ 
ﺴﻤﻙ ﺍﻟﻘﺸﺭﺓ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺨﺎﻤﺱ ﺃﻤﺎ ﺒﻘﻴﺔ ﺍﻷﺴﺎﺒﻴﻊ ﻟﻡ ﺘﺴﺠل ﺃﻱ ﺍﺨﺘﻼﻑ ﺒﻴﻥ 
 ﺍﻟﺒﻴﺽ ﻭﺴﻤﻙ ﺍﻟﻘﺸﺭﺓ ﺃﻤﺎ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻭﻥ ﺍﻟﺼﻔﺎﺭ ﻁﻴﻠﺔ ﻓﺘﺭﺓ ﺍﻟﺼﻴﻑ ﺍﻟﺴﻼﻟﺘﻴﻥ ﻓﻲ ﺇﻨﺘﺎﺝ ﻭﻭﺯﻥ
 ﺍﻟﺒﻭﻓﺎﻥ ﻭﺍﻟﻌﺩ ﺍﻟﺘﻔﺭﻴﻘﻲ ﻟﻜﺭﻴﺎﺕ ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ ﻓﻲ .ﻟﻡ ﻴﺴﺠل ﺍﺨﺘﻼﻑ ﺒﻴﻥ ﺍﻟﺴﻼﻟﺘﻴﻥ
ﻻ ﺘﻭﺠﺩ ﻓﺭﻭﻕ ﺒﻴﻨﻬﻡ ﻓﻲ  lihpnisoe ,lihposaB ، lihporeteH ، setycohpmyL
 ﻭ  lihposaB ﺍﺯﺩﺍﺩ. ﺔ ﻟﻠﻬﺎﻴﺴﻜﺱﻓﻲ ﺍﻹﺴﺒﻭﻉ ﺍﻷﺨﻴﺭ ﺒﺎﻟﻨﺴﺒ setyconomﺍﺯﺩﺍﺩ . ﺍﻟﺴﻼﻟﺘﻴﻥ
 
 
  .ﻓﻰ ﺍﻻﺴﺒﻭﻋﻴﻥ ﺍﻻﺨﻴﺭﻴﻥ lihporeteh ﻋﺩﺩ ﺍلﻓﻰ ﺍﻻﺴﺎﺒﻴﻊ ﺍﻟﺜﻼﺜﺔ ﺍﻻﺨﻴﺭﺓ ﻭﻗل  lihpnisoe
ﺃﻤﺎ ﺘﺭﻜﻴﺯ ﺍﻟﻤﻌﺎﺩﻥ  .   ﻻ ﺘﻭﺠﺩ ﻓﺭﻭﻕ ﺒﻴﻨﻬﻡ ﻓﻲ ﺍﻟﺴﻼﻟﺘﻴﻥ lihporeteh :setycohpmyL
ﻓﻴﻬﻤﺎ ﺒﻴﻥ ﺍﻟﺴﻼﻟﺘﻴﻥ ﻓﻲ ﺍﻟﺒﻼﺯﻤﺎ ﻻ ﻴﻭﺠﺩ ﺍﺨﺘﻼﻑ (  ﺼﻭﺩﻴﻭﻡ ، ﺒﻭﺘﺎﺴﻴﻭﻡ ،ﻓﺴﻔﻭﺭ ﻭﻜﺎﻟﺴﻴﻭﻡ)
  .ﻋﺩﺍ ﺘﺭﻜﻴﺯ ﺍﻟﻜﺎﻟﺴﻴﻭﻡ ﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﺍﻷﺴﺒﻭﻉ ﺍﻟﺴﺎﺩﺱ
ﺃﻭﻀﺤﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ ﻤﻌﺩل ﺍﺴﺘﻬﻼﻙ ﺍﻟﻌﻠﻴﻘﺔ ( ﺍﻟﺨﺭﻴﻑ)ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻟﺜﺔ ﻓﺘﺭﺓ ﺍﻹﻨﺘﺎﺝ 
ﻭﺍﺯﺩﻴﺎﺩ ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻭﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﺠﺴﻡ، ﻜﺒﻭﺱ ﺍﻟﺩﻡ ،ﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﺒﻴﻥ،ﺍﻟﺠﻠﻭﻜﻭﺯ، 
ﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ . ﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻻ ﻴﻭﺠﺩ ﻓﺭﻕ ﻓﻴﻬﻤﺎ ﺒﻴﻥ ﺍﻟﺴﻼﻟﺘﻴﻥﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻠﻲ ﻓﻲ ﺍﻟﺒﻼﺯﻤﺎ ﻭ
ﻭﺍﺯﺩﻴﺎﺩ ﺴﻤﻙ ﺍﻟﻘﺸﺭﺓ ﻭﻟﻭﻥ ﺍﻟﺼﻔﺎﺭ ﻻ ﻴﻭﺠﺩ ﺍﺨﺘﻼﻑ ﻓﻴﻬﻤﺎ ﺒﻴﻥ ﺍﻟﺴﻼﻟﺘﻴﻥ ﻭﻜﺫﻟﻙ ﻭﺯﻥ ﺍﻟﺒﻴﺽ 
  .                                                             ﺍﺯﺩﺍﺩ ﻓﻲ ﺍﻟﺒﻭﻓﺎﻥ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻷﻭل ﻭﺍﻟﺜﺎﻟﺙ
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A58 Roche yolk colour fan  
  
A59 Roche yolk colour fan graded from 1 – 15 
 A55 Hisex White 
A56 Bovan  
  
 
 
A57 Bovan and Hisex White in cages  
